pd Ted os Ct 
BLE waht he Peano tl ce 


A CONOVER-MAST PUBLICATION 


Network Theory 





Aas) a eee 


©" 


eo 


a 


SELECTOR 


Me 


ond ETN counts on Tung-Sol transistors 
to power three-in-one sound device 


Federal Sign and Signal Corporation 
has combined a highly directional elec- 
tronic siren, a mobile public address sys- 
tem and a car radio amplifier into one 
compact unit. This unique creation, the 
Interceptor, arms police patrol cars, fire 
engines, ambulances and civil defense 
vehicles with a three-pronged weapon to 
cope with life-and-death emergency. 


The Interceptor counts on Tung-Sol 
power transistors to deliver the neces- 
sary three-purpose power with round- 
the-clock reliability. Federal, in fact, 
describes the large complement of Tung- 
Sol 2N242 and 2N382 germanium tran- 
sistors as “the heart of the unit”. 


The 2N242 and 2N382 feature tight 
parameter control, sure-safe hermetic 
sealing and efficient thermal design... 


qualities which assure peak performance 
and long life. 

Like every other Tung-Sol component, 
these semiconductors are the products 
of carefully disciplined factory processes 
and rough-and-tough life testing aimed 
at bringing you the best in compenentry. 


Federal Sign and Signal Corp., the 
largest manufacturer of sound-producing 
devices, represents another of the dis- 
criminating companies benefiting from 
Tung-Sol components. Tung-Sol can serve 
you, too, with premium units for any in- 
dustrial or military requirements. Get in 
touch with our applications engineers. 
They'll be glad to evaluate your circuitry 
and recommend the components to fit 
your design. Tung-Sol Electric Inc., 
Newark 4, N. J. TWX:NK193. 
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CASE /11STORIES 


Redesign of high capac- 
ity compressor shaft and 
bearing assembly elimi- 
nated costly angled 
shaft in favor of unique, 
efficient ball bearings. 


Illustration: Courtesy, Frigidaire Division, General Motors Corporation 


Unigue ““@ Wobble Plate Ball Bearing 
Simplities Axial Compressor Design! 


CUSTOMER PROBLEM: 


In developing the ideal compressor for automobile 
air conditioning unit, customer engineers faced 
the problem of further design simplification and 
refinement of pilot model. 


SOLUTION: 


N/D Sales Engineer, in co-operation with cus- 
tomer, pointed out a possible design simplifica- 
tion in the crankshaft bearing assembly. By pro- 
viding a specially designed N/D precision ball 
bearing with shaft bore at an angle, a straight 
shaft could replace the original pilot model crank- 
shaft. The wobble plate angle would then be sup- 
plied by the bearing rather than the shaft. First 
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tests proved the new and simpler shaft/bearing 
assembly met customer’s rigid performance stand- 
ards in high capacity compressor. Final testing of 
some 300 pilot models, both in the laboratory and 
on road test cars, finalized the design. Now . . . 
all GM air conditioner equipped cars are cooled 
with the aid of N/D ball bearings. 


If you’re working on new designs . . . or rede- 
signing, why not call your N/D Sales Engineer. 
He knows the performance possibilities of vir- 
tually every ball bearing made .. . and, he 
knows what can be done with special bearing 
designs! For more information write New De- 
parture Division, General Motors Corporation, 
Bristol, Connecticut. 
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BALL BS ARINGS 
proved reliability you can build around 
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carry a broad line of BODINE 
ail th ese 1/6 to 1/2000 horsepower 
MOTORS...IN STOCK! 


d istributors ... for over-the-counter 
delivery 


Your Bodine Distributor carries a well-rounded line of the more popular reducer and 
non-reducer motors...in the types, sizes, and ratings normally used by industry in 
your area. These motors are in stock, on the shelves, immediately available. Call 
your Bodine Distributor today. 


BOSTON 9, Mass. KANSAS CITY 6, Missouri OAKLAND 8, Calif. 

Electro Sales Co., inc Triangle Equipment Co. California Electric Company 
50 Eastern Avenue 1416 Grand Avenue 3015 Adeline Street 
CApital 7-3456 HArrison 1-6061 OLympic 5-6100 


CAMBRIDGE 39, Mass. LOS ANGELES 17, CALIF. PHILADELPHIA 7, Penn. 
Empire Electrical Company Andrews Hardware & Metal Co. Jos. T. Fewkes & Company 
6 Portland Street 1610 W. 7th St. at Union 129 North 12th Street 
Kirkland 7-6680 DUnkirk 1-3311 WAinut 3-4131 


CHICAGO 8, III. LOS ANGELES 13, Calif. PITTSBURGH 1, Penn. 
Excel Electric Service Co. Minarik Electric Company Braunlich-Roessle Co. 
2113-25 S. Western Ave. 224 East Third Street 3117-3127 Penn Avenue 
Virginia 7-7220 MAdison 4-3161 GRant 1-6995 


CLEVELAND 15, Ohio MILWAUKEE 2, Wisc. ROCHESTER 4, New York 
Reserve Electric Company Trester Service Electric Co. T. H. Green Electric Company 
2090 East 19th Street 235 East Ogden Avenue 27-33 N. Water Street 
PRospect 1-5764 BRoadway 1-1662 HAmilton 6-9840 


DALLAS 26, Texas MINNEAPOLIS 1, Minn. SAN LEANDRO, Calif. 
Bearing Chain & Supply Co. Boustead Electric & Mfg. Co., Inc. Republic Supply Co. of Calif. 
2613 Canton Street 109-11 Washington Ave., North 1919 Williams Street 
Riverside 2-8626 FEderal 9-8831 ELgin 7-2211 


DETROIT 7, Mich. NEW YORK 12, New York MONTREAL 25, Canada 
Howard Electric Company B & B Electric Motor Company Renold Chains Canada, Ltd. 
1313 East Congress Street 206 Lafayette Street 1006 Mountain St. 
WOodward 2-0550 WOrth 6-5777 Un 6-6761 


Close tolerance machining | ) Just Published! 


Bodine Motors are close-tolerance- STOCK MOTOR bulletin... 12 pages of 


machined. This means trouble-free i= te ee | NJ = photos, cut-aways, drawings, tables, and 


operation ... long life... low reject charts describe 300 different Bodine Motors, 
rates. The end result: a better motor, fractionol -~ 1/6 to 1/2000 hp. ... most of which are 
at a lower cost. Call your Bodine Dis- horsepower carried in stock by your Bodine Distributor. 


tributor today. Bodine Electric Co., ie R Ask him for a copy of Bulletin “‘S-1,’’ or 
2506 West Bradley Place, Chicago 18, M te 3, — consult your Sweet's Product Design file. 
Illinois. 


...the power behind the leading products 
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Consider the 
more compact 
windings 


possible with 


Phelps Dodge Square & 


Rectangular Film Wires 


that can improve insulation system designs, 
cut equipment size and overall costs! 


ELECTRICAL MANUFACTURING 





THERMALEZE’ F' (155° C) 


The Class F film-insulated wire with the 

best all-around balance of properties. 
Thermaleze® F can greatly increase the thermal 
life of equipment with no increase in cost. 


FORMVAR 


Proved for Class A (105° C) use in 
many types of distribution transformers, motors 
and other electrical equipment. 


When used under Daglas®, acting as a 
positive inorganic spacer, Thermaleze® F 
and Formvar give outstanding performances 
at Class H (180° C) and Class B (130° C) 
respectively. 


Phelps Dodge square and rectangular film 
wires also have these accepted advantages: 


@ Flexibility, toughness and good forming 


qualities for assembly. 


e Better space factor (more turns in less 
space) that permits (a) reduction in 
equipment size and cost, or (b) increased 
power with same size equipment, when 
used in proper insulation systems. 


e@ High dielectric, moisture-resistant films. 


Any lime magnet wire ts your problem, 
consult Phelps Dodge for the quickest, surest answer! 


— CORPORATION — 
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in This issue 


Materials, Electrical/Electronic Your Classification: 
Electrical Insulotion and Dielectrics 

Testing 
Materials 


% Research Progress in 
Dielectrics — 1959 


This 13th annual review of the sessions of the Conference on 
Electrical Insulation (National Academy of Sciences-National 
Research Council) provides a detailed summary and an inter- 
pretation of the papers and discussions dealing with (among 
other subjects) research in high-temperature materials, nuclear 
studies, corona effects, dielectrics behavior at microwave 
frequencies, capacitor dielectrics, and associated test methods 


Alex. E. Javitz, Special Features Editor, Evectrica Mant 
FACTURING. 
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Electrical Manufacturing 


Control Your Classification 
Systems and Servos 

Motors 
Fractional Horsepower 


Fast Response in Reversing Servo Drive 


The differences in response and acceleration characteristics 
between a standard d-c motor and a d-c motor designed for 
control purposes are graphically demonstrated. A system for 
a reversing drive illustrates the application of the motor. 


J. A. Hudak, Reliance Electric and Engineering Co., Cleveland, 
Ohio. 
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Your Classification: 
Electrical 
Motors 
Integral-Horsepower 


Reactor Control of Induction Motors 


A comprehensive survey of the ways fixed and saturable re- 
actors can be used to control both squirrel-cage and wound- 
rotor induction motors. Speed-torque curves for the various 
circuit applications are included. 


H. A. Zollinger, Westinghouse Electric Corp., East Pittsburgh, 
Pa. 
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Components, Electrical/Electronic Your Classification: 


Semiconductor Devices 
Control 
Systems and Servos 


* P-N-P-N Four-Layer Diodes in 
Switching Functions 


Merely by changing the voltage across them and the current 
through them, these two-terminal semiconductor devices can 
act as either open or closed switches. Applications described 
include pulse generators and core drivers, ring counters and 
multivibrators. Mathematical expressions for the principal 
operating parameters are derived. 


A. W. Carlson and R. H. McMahon, Transistor Applications, 
Inc., Boston, Mass.; G. Smoot Horsley, Shockley Transistor 
Corp., Palo Alto, Calif. 


Electrical Manufacturing 1960 January p 71 8 pp 


Design Considerations Your Classification: 


Human Engineering 


x Prevention of Electric Shock 


Hazard as a Basic Design 
Consideration 


The importance of stressing electric shock hazard factors tn 
the preliminary stage of equipment design is discussed. 
Applicable data from the literature have been analyzed and 
suitable graphs and nomographs derived for design purposes. 
Major shock hazards such as large non-current-carrying metal 
parts and exposed sharp edges are discussed, as well as other 
specific design problems. 


Edwin Schechter, Dunlap and Associates, Stamford, Conn. 
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Testin Your Classification: 
Environmental 


The Plasma-Arc Torch: 
A New Research Tool 


To the design engineer, the recent intensive developments in 
the arc-constricting nozzle are significant in the resulting 
possibilities for fabricating refractory materials and for labo- 
ratory simulation of extremely high temperatures. The theory 
of operation of the plasma arc is outlined, with indications of 
present and projected future applications. 


R. M. Gage, Linde Co., Div. Union Carbide Corp., New York, 
he @ 
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e Quick interpretations of feature article content 


e Subject-classified annotated references for clipping and pasting on standard 3 x 5 cards 


Ye Reprints available—see pages 178 and 190 


To obtain a free copy of the ELECTRICAL MANUFACTURING Subject Classification, circle Number 738 on page !7 


Components, Electrical/Electronic Your Classification: 


Semiconductor Devices 
Design Considerations 


Design Techniques for 
Static Inverters — 1 


A comprehensive discussion of the design of static inverters for 
aircraft and missile applications. Semiconductor devices are 
used throughout to achieve reliability, efficiency and light 
weight. Includes detailed description of circuits—oscillator, 
amplifier, feedback detector, etc. First part of a two-part article. 


A. A. Sorensen, Space Technology Laboratories, Inc., Los An- 
geles, Calif. 
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Materials, Mechanical /Structural Your Classification: 


Adhesives 


An Evaluation of 
Special-Purpose Adhesives 


The experiences of the Amphenol-Borg Electronics Corp. in 
developing a special adhesive for bonding components of a 
new type of electrical connector are described. A study of 
contemporary adhesive materials and their evaluation in the 
program is presented. From the material published, other 
areas of application may be extrapolated. 


Staff Report. 
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Testing Your Classification: 
Components 

Motors 
Special 


Rotor Moment of Inertia Measurement 


A laboratory method is described for the direct measurement 
of moment of inertia of rotors of instrument motors, synchros 
and other rotary components. The method is simple and there- 
fore readily validated to act as a check for computed values. 


L. J. Frangipane, Kearfott Co., Inc., Clifton, N. J. 


1960 January p 152 1 pp 


Electrical Manufacturing 


JANUARY 1960 


Your Classification: 


% Network Analysis 


The important contemporary methods of network analysis are 
presented, including a brief review of elementary concepts. 
The electrical circuit is predominant in the discussions and 
examples, but the fact is emphasized that the methods are 
directly applicable to all linear systems with concentrated 
parameters or distributed systems which can be so represented, 
including those with mechanical or even abstract elements. 


L. Weinberg, Hughes Research Laboratories, Culver City, Calif. 
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Components, Mechanical /Structural Your Classification: 


Bearings 


Lubrication of Mechanisms 


The closely related subjects of surface-to-surface friction and 
lubrication are generally marked by an over-abundance of 
conflicting and unusable theoretical discussions. For the engi- 
neer, guides to bearing surface design and bearing and lubri- 
cant selection are provided here by first establishing those 
basic physical concepts of surface friction and lubrication 
which have been found useful and significant in actual practice. 


W. Rosenberg, Universal Machine Co., Inc., Baltimore, Md. 
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COMING UP... 


The Basic Science & Engineering feature in the February issue 
is on a hot subject—Thermoelectric Theory. Other articles 
will cover Etched Circuits, Transistor NOR’s in Welding 
Control, Magnetically-Gated Silicon Controlled Rectifiers, 
High-Reliability Voltage-Regulator Design, a Universal Em- 
bedment Compound, Transistor Reliability, a Staff Review 
of the Fifth National Conference on Magnetism and Mag- 
netic Materials, another article in our Metals Series—Powder 
Metallurgy—and Part 2 of the Static Inverters article (see 


Part 1 in this issue). 
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How do you lay a cable on the ocean floor—a cable that 
is connected to scores of large, heavy amplifiers? How do 
you “overboard” such a system in a continuous operation, 


without once halting the cable ship? 


Bell Telephone Laboratories engineers must answer these 
questions in order to lay a new deep-sea telephone system 
designed to carry many more simultaneous conversations. 
They're experimenting on dry land because it is easier and 
more economical than on a ship. Ideas that couldn’t even be 


attempted at sea are safely tested and evaluated. 


In one experiment, they use a mock-up of the storage 
tank area of a cable ship (above). Here, they learn how 
amplifiers (see photo right), too rigid and heavy to be stored 
with the cable coils below decks, must be positioned on deck 


for trouble-free handling and overboarding. 


Elsewhere in the Laboratories, engineers learn how best 
to grip the cable and control its speed, what happens as the 
cable with its amplifiers falls through the sea, and how fast 
it must be payed out to snugly fit the ocean floor. Ocean- 
ographic studies reveal the hills and valleys which will be 
encountered. Studies with naval architects show how the 
findings can be best put to work in actual cable ships. 


This work is typical of the research and development 
effort that goes on at Bell Laboratories to bring you more 


and better communications services. 
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Experimental amplifier about to be “launched” from “cable 
ship.” Like a giant string of beads, amplifiers and connect- 
ing cable must be overboarded without stopping the ship. 


E LABORATORIES 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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Edited by ALex. E. Javirz, Special Features Editor 


Improved Accuracy for 
Electrical Standards 


With the objective of improving the 
accuracy of electrical measurements 
and devices, the National Bureau of 
Standards is investigating the possibil- 
ity of establishing an alternate, more 
accurate foundation for the existing 
structure of electrical standards. The 
basis of this work is a highly accurate 
capacitance measuring bridge and an 
accompanying calculable standard of 
capacitance of recent design. 

Work is underway on a new realiza- 
tion of the ohm; further plans have 
been set for a new realization of the 
volt. These two approaches are consid- 
ered to be the primary since all other 
electrical units in use now may be 
derived from these units. 

The realization of the ohm in terms 
of the computable capacitor involves 
comparing a resistive impedance with 
a capacitive impedance. The capaci- 
tance is adjusted until the current 
through it balances the current through 
the resistor when the two impedances 
are connected to voltage sources equal 
in magnitude but differing in phase by 
90 deg. This allows a value to be as- 
signed to the resistor in terms of the 
known capacitance and the frequency 
of measurement. 

Since the resistors employed in main- 
taining the ohm are not suitable for 
a-c, it is necessary to have a comparison 


THIS MONTH’S RESEARCH NOTES 

@ Thin-Film Integrated Electr 
Circuit 

@ Magnetohydrodynamic 
Generation .. 


@ ALSO: Index to Researc 
Published in 1959 


kel shorting bor 
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resistor that will have the same value 
at the comparison frequency as when 
used with d-c. A suitable resistor has 
been designed and is being tested. 


Vacuum-Deposited 
Thin Teflon Film 


A new type of thin capacitor film may 
be achieved through vacuum deposition 
of polytetrafluoroethylene monomer, 
which is then polymerized in situ. A 
metallized Mylar polyester film is used 
as the substrate. Films of 1 mil thick- 
ness are obtained. 


Environmental Stress 
On the Human Operator 


A five-choice serial reaction device has 
been developed at the Applied Psychol- 
ogy Research Unit, Medical Research 
Council, Cambridge, England, for the 
study of the effect of experimental 
stress on the human operator. As re- 
ported by J. Alfred Leonard in APU 
Paper No. 326, the device consists of 
a display of five lights arranged in a 
circle, a control panel on which five 
disks also are arranged in a circle, and 
a spring-loaded stylus. The subject’s 
task is to touch the disk for which a 
light is on. The device is designed for 
self-paced operation by both correct 
and error responses. Facilities are pro- 
vided for recording on counters (as well 
as by other means) the total number 
of responses, correct responses, error 


responses, and the number of times the 
subject fails to respond within a spe- 
cified time of his last response. 

Stimulus sequence is generated by 
means of a basic program of 100 stimu- 
li automatically permuted after every 
100 responses. A non-repeating se- 
quence of 2,500 stimuli is produced. 
Additional provision is made for man- 
ual permutation of the basic program 
so that there are 120 possible sequences 
of 2500 stimuli. 


Trends in Human Engineering 
In Electronics Design 


Four major areas in human factors en- 
gineering as applied to electronics were 
staked out by E. E. Herman, manager, 
Advanced Development Activity, Air- 
borne Systems Laboratory, Hughes Air- 
craft Company, guest speaker at the 
Seventh Annual Human Engineering 
Conference, held under sponsorship of 
the Office of Naval Research September 
15-16 at Culver City, Calif. 

e Mission analysis from the human 
factors standpoint has received rela- 
tively little study, except in a few or- 
ganizations. This type of analysis is 
important to insure total mission in- 
tegrity. 

e Electronic systems will be in- 
fluenced by good research on the opera- 
tor’s information-handling functions, in- 
cluding input and decision rates, task 
loading and other factors. It will be 


Experimental Oscillator Using Esaki Diode. Photomicrograph of a 3000-mc lumped- 
parameter oscillator developed by International Business Machines Corporation. Later 
models have a fundamental frequency of over 400 me. At left is the germanium resistor. 
The Esaki diode is the thin pedestal on the right. The narrowest dimension is approxi- 
mately 1 mil. The appended schematic shows construction of the oscillator. Shaded 
area is heavily doped n-type germanium wafer. (Source: IBM Journal.) 





Research 
Horizons 


necessary to evolve analytical models 
somewhat akin to those now being used 
in radar detection theory. 

e Another area in which human 
factors can become increasingly im- 
portant for electronics is in system 
maintenance, automatic checkout, and 
self-test philosophy and design. 

e Many of the expensive test pro- 
grams have not led to completely valid 
conclusions, partly because of inade- 
quate experimental design and interpre- 
tation. It follows that system evaluation 
and statistical testing procedures will 
become one of the most important areas 
for the future. 

A better use of better-qualified hu- 
man engineers was advocated by Her- 
man. There will be an increasing need 
of human engineering personnel with a 
“genuine interdisciplinary background.” 
Among the specific recommendations 
made were these two: 

1. Any human factors organization 
should include some personnel with 
system operating experience. Human 
engineers should have increasing per- 
sonal exposure to the operational, main- 
tenance, and developmental test envir- 
onments. 

2. Major human engineering deci- 
sions should be based on firm objective 
scientific evidence, rather than on sub- 
jective personal opinions. At the same 
time, an exhaustive quantitative simu- 
lation should not be required for every 
small-scale decision. 


“A Photochromic Memory 
Element’’—Correction 


B. K. Green, Research and Develop- 
ment Division, National Cash Register 
Company, Dayton, Ohio, whose name 
appeared as the author of this Re- 
search Note in our November issue, 
calls to our attention that his co- 
author’s name was omitted. The note 
should have also been signed by W. C. 
Myers of the NCR research organiza- 
tion in Hawthorne, Calif. Our apologies 
to Mr. Myers! 


Fluid Mechanics 
Research Program 


In many areas of equipment and sys- 
tems design, critical problems can be 
solved only by the selection of suitable 
engineering fluids. The overall rapid 
advances in materials research have 
had their impact on fluids as well. As a 
result, today’s engineer has a much 
broader spectrum of fluids to consider 
than, say, a decade ago. The applica- 
tions fall in such categories as: lubri- 
cants, dielectrics, coolants (heat ex- 
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changers), hydraulics and _— shock 
dampers. 

The fundamental behavior of fluids 
as related to engineering uses is at 
present the subject of a long-range re- 
search program at Engineering Experi- 
mental Station, University of Illinois. 
The program is concerned with both 
ideal and incompressible viscous gas 
and liquid motions. The nature (flow 
patterns, friction loss) of the flow 
(laminar and turbulent) in channels of 
various shapes, both open and closed, 
are being investigated. These studies 
have been extended into the areas of 
turbulence and boundary layer theory 
and experience. 


Radiation Effects 
Studies on Metals 


An extensive and long-range research 
program on radiation damage to metals 
has been under way at the Engineering 
Experimental Station, University of 
Illinois, since 1957. The program is 
devoted to a basic study of the nature 
of the effects of heavy particle bom- 
bardment on crystalline properties. 
Individual projects were described as 
follows: 

e Bulk Volume Change in Copper. 
The expansion of copper resulting from 
deuteron bombardment at low  tem- 
peratures has been measured. The 
results have been interpreted in terms 
of number of defects, vacancies, and 
interstitials produced in a given sample 
with a given flux. This number was 
many times less than that predicted by 
theory. The discrepancy has not been 
resolved. Annealing carried out after 
the bombardment produced a recovery 
of the original volume. Study of these 
results, and of X-ray measurements, 
indicates that annealing in all stages is 
a simple recombination of the defects 
produced. 

e X-ray Study of Deuteron-Irradiated 
Copper Near 10 Kelvin. The lattice 
parameter expansion resulting from 
deuteron bombardment at low tem- 
peratures was measured. Measurements 
were also made of X-ray line broaden- 
ing. Results were consistent with the 
introduction of point imperfections 
during bombardment. The observed 
effects “annealed out” when samples 
were annealed to room temperature. 
These results were compared with pre- 
viously measured electrical resistivity 
changes during bombardment and an- 
nealing; it was indicated that the im- 
perfections (probably vacancies and 
interstitials) annealed out by mutual 
annihilation. 

« Low-Temperature Thermal Expan- 
sion of Copper. The thermal expansion 
of copper in the temperature range of 
8 to 100 K was measured using the 
same back-reflection single-crystal X-ray 
method used to study lattice parameter 
changes during bombardment. 


e Length and Resistivity Changes of 
Germanium Upon Irradiation and An- 
nealing. Simultaneous measurements of 
the length and resistivity of germanium 
single crystals were made upon irradi- 
ation and annealing. An expansion 
found during bombardment annealed 
out during warming to room tempera- 
ture. The annealing behavior of the 
resistivity differed from the length- 
change annealing; clustering of the de- 
fects may have been responsible for 
this effect. 


Molecular Circuitry 
Trends and Problems 


Here: are some research opinions on 
current and future developments in 
molecular circuitry: 

e Research activity is far ahead of 
actual broad-scale production of hard- 
ware components. The entire philosophy 
of molecular circuitry is based on new 
concepts that will take perhaps 5 to 10 
years of work before practical achieve- 
ments are realized. 

e Essentially the problem lies in the 
development of materials and associated 
techniques. The techniques involve 
many critical factors such as interface 
action, purity of materials, circuit para- 
meters such as size, spacing, intercircuit 
reactions, dimensions. Factors common 
to conventional circuits assume entirely 
different aspects in microcircuits. 

e Specifically in thin-film work, the 
compatability of different types of films 
must be considered. Actually, as of 
today, theory is ahead of techniques, 
and techniques are running ahead of 
suitable materials. 


Light-Transmitting 
High-Strength Ceramic 
A light-transmitting _ polycrystalline 
material, produced from powdered 
aluminum oxide, is described by Gen- 
eral Electric Research Laboratory sci- 
entists as an unusually important de- 
velopment in the field of ceramic 
research. In addition to its ability to 
transmit light (about 90 per cent of 
the visible spectrum), the new mate- 
rial (identified as Lucalox) exhibits 
the inherent high-strength properties 
of high-grade alumina ceramics, has 
been found stable at temperatures 
close to 3600 F, and can be pressed 
into a diversity of shapes. Indicated 
applications include: high-intensity 
incandescent and discharge lamps (as 
heat-resistant envelopes); instrument 
parts; electrical insulators; jeweled- 
type bearings in precision equipment. 
The characteristics of this ceramic 
are based on its metal-like structure. 
The microscopically small pores nor- 
mally found in ceramics have been 
eliminated, and the crystals are bond- 
ed directly to each other. 
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De-potting 
Potted Circuits 


What do you do when an embedded or 
“potted” electronic unit becomes de- 
fective? Discard the entire unit, or try 
to salvage the embedded components? 
The first method is simple, but likely 
to be costly. The second step is prefer- 
able, but unfortunately there is no 
known method by which it can be ac- 
complished except by tedious probing, 
scraping or chipping of the resin. 
The widespread use and acceptance 
of embedment techniques for  elec- 
tronic circuits has made the problem 
serious enough for the Manufacturing 
Methods Division, Aeronautical Sys- 
tems Center, Air Material Command, 
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Thin-Film Integrated 


Fig. 1—Microminiature circuits made by 
films both sides of glass substrate. 


Miniature tube 
computer 


to circularize industrial sources for 
suggestions. An R & D contract is in 
the offing to develop an appropriate in- 
expensive de-potting technique which 
would cut costs of electronic assembly 
repairs, save materials through efh- 
cient salvage, obtain equipment sav- 
ings through elimination of parts dam- 
age, and reduce cost of design changes. 


Micro-Notes .. . 


Lead telluride thermoelectric generator 
elements are offered by Minnesota Min- 
ing and Manufacturing Company on an 
experimental basis . Also in the 
thermoelectric news is Gulton Indus- 
tries with a contract from the Bureau 
of Ships to develop basic standard 
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deposition ultra-thin molecular 


Computer OD performs 
same operations as A with 


1/125 size 
1/50 weight 
Improved reliability 


Missile and space 
environment 


materials . . . still another 
Gulton contract is one from the Air 
Force for a 750 C ceramic capacitor 
... National Bureau of Standards has 
launched a program for developing im- 
proved standards and techniques for 
measuring very high pressures . . 

program is expected to have important 
bearing on materials studies—for ex- 
ample, under high pressures common 
electrical insulators become semicon- 
ductors. Pressures up to 400,000 psi are 
involved . . . Another note from NBS: 
five point-source gamma-ray standards 
are being made available to research 
workers: sodium 22, zinc 65, niobium 
95, strontium 85 and mercury 203. 
Each Standard is deposited between 
two layers of thin polyethylene tape. 


reference 


THE DEPOSITION of ultra-thin films on mini- 
ature substrates by thermal evaporation, 
electron bombardment, sputtering or a 
directed ion beam is the core of current 
advanced research in the 
zation of electrical 
components, 

@ A new advance along this line of 
research has been made by the Interna 
tional Resistance Company in the form of 
an ultra-thin, microminiature sensing ele- 
ment (“micro-Cireuit”) for a missile-borne 
computer being developed by the Arma 
Division of American Bosch-Arma Corpora- 
tion. 


microminiaturi- 
circuits and circuit 


e@ This advance in molecular engineer- 
ing was directed at the passive elements 
found in every electronic circuit: resist 
ance, capacitance and inductance. The suc- 
cess of this program may be seen in the 
fabrication of such components in molec- 
ular dimensions where they are essential- 
ly without weight. Molecular components 
of this type are now being made consist- 
ently to tolerances of +5 per cent, with 
every indication of these tolerances being 
tightened further (see Fig. 1). 

e This development was accomplished 


A-Original desigr 
Wt-!100%,| 
Size-lOO%,cu ft 


Power consumption- |OO %,watts 


generation 

Wt-29 %,\Ib 

Size-20%,cuft 

Power consumption- |4% ,watts 


C-2nd generation 
Wt-10%, Ib 
Size-3.2 %,cu ft 
Power consumption-0.7 %, watts 


All 
transistorized 
printed wiring 
miniaturized 


cent (not to scale 


D-3rd generation 
Wt-2%,lb 
Size-0.8 %, cu ft 
Power consumption-0.5 %, wotts 


Molecular 
film or 
solid - 
state 
circuits 


Sub- miniature 


Micro- 
miniature 








Relative size, per 


E-4th generation 
Wt-1% ,Ib 
Size-0.3 %,cuft 
Power consumption- 0.35 %,watts 
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1962 1965 


Yeor 
Fig. 2—Evolution of microminiaturization of computer from miniature tube design to deposited molecular film or solid-state com- 
ponents. (Source: American Bosch-Arma Corporation.) 
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through direct) research on methods of 
deposition of thin films of materials. By 
ise of special apparatus which allowed 
complete visual observation and study of 
changes with time and temperature of the 
crystalline structure of the evaporated films 
within a vacuum chamber, the entire pro 
cedure was evaluated through all its stages 
of development. 

@ The result of this research program 


came in the form of exceedingly thin films 
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of component material being deposited on 
a very small substrate of glass. This sub 
strate was chosen in prefe rence to ceramics 
or plastics because glass has greater struc 
tural strength and a very smooth surface. 
The smoothness assures greater accuracy 
of component values and adherence to 
more rigid quality specifications. 

e@ The application of this thin-film in 
tegrated electronic circuit in the Arma 
digital computer is the latest step in the 


evolution of this computer through several 
venerations of .miniaturization, as shown 
in Fig. 2. 

e Further applications are indicated for 
veneral electronic circuitry where size and 
weight become critical problems in design. 
By such tailoring of molecules to achieve 
true miniaturization, even smaller circuits, 
with a wider range of component values 
and smaller tolerances, soon become pos- 


sible. H.E.B. 


Magnetohydrodynamic Power Generation 


THe SEARCH FOR MEANS of generating 
power for missiles and space vehicles con 
latest development being the 
Electric that 


successfully operated a system 


tinues, the 
immouncement by General 
they have 
utilizing magnetohydrodynamic generation. 
The principles of magnetohydrodynamics 
(MHD) have been known for some time, 
but actual power generation using the 
theory had been considered extremely dif- 
ficult. Theoretically, MHD could produce 
electrical current with an efficiency higher 
than any heat-energy to electrical-energy 
process of electrical generation now known. 
In addition, the MHD system has no mov 
ing: parts 

The MHD concept presently under de 
velopment at the G-E Missile and Space 
Vehicle Aeroscic neces Lab 


Department's 


zea 


} 
}0 


Fig. 1—Schematic of magnetohydrody- 
namic generator. 


oratory is primarily devoted to achieving 
reduced weight, high reliability and high 
In the MHD generator, the en 
gy contained in a high-temperature ait 


efficiency 
e1 
plasma consisting of ionized atoms and 
electrons is converted directly into elec 
through a 
Approximately 1 kw_ has 


been obtained for a period of 5 sec. In 


trical energy by passing it 


magnetic field 


principle, an MHD generator can operate 
continuously 

Figure 1 is a schematic of the MHD 
generator and Fig. 2 illustrates the actual 
heart of the generator. A molded quartz 
rectangular tube is mounted on a hollow 
which directs the hot 
ionized, gas into the narrow quartz channel. 


graphite cylinder 
Phe cylinder measures a little over 3 in 
diam. The metal blocks flush against the 
broad sides of the quartz are the pole 
pieces that carry the magnetic field. Graph 
ite electrodes mounted in the narrow sides 
of the 
from the generator. In actual operation, 


the assembly shown in Fig. 2 would be 


quartz conduct the current away 


secured in a cylindrical steel casing. 

Present estimates indicate that future 
MHD generators may convert from 40 to 
50 per cent of thermal energy into useful 
electrical power compared with a typical 
conversion rate of 35 per cent for steam 
turbine generators. To achieve these effi- 
ciencies, hot gas temperatures on the order 
of 5000 deg F are required. 

MHD generation could be utilized in a 
space vehicle in either a closed cycle for 
continuous power or an open cycle for 


short bursts of power, In the closed-cycle 
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RESISTANCE 


Only Copper can give you so many valuable properties 
for performance, durability, and ease of working. Hussey 
Copper adds to these a new standard of uniformity that 
results from quality controlled production from mine to 
finished Copper. When Copper is the metal for your job— 
make it Hussey Copper. Seven convenient warehouses to 
serve you and mill service on larger requirements. To be 
sure .. . make it Hussey Copper and be sure! 


CcC.G.HUSSEY & COMPANY 
(DIVISION OF COPPER RANGE COMPANY) 
ROLLING MILLS AND GENERAL OFFICES: PITTSBURGH 19, PA. 


PITTSBURGH (19) CINCINNATI (37) " $T. LOUIS (1) 


; 2850 Second Ave. 1045 Meta Drive Globe Democrat Bidg. 
7 Convenient Wareho uses CLEVELAND (3) CHICAGO (18) PHILADELPHIA (30) 


5318 St. Clair Ave. 3900 N, Elston Ave, 1632 Fairmount Ave. 
to Serve You “— NEW YORK, LONG ISLAND CITY (6), 34-39 Thirty-first St. 
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SILICON RECTIFIER 


Power Supply 
Circuitry Primary 105/115/125 Volts**. 
Hermetic sealed to MIL-T-27A 
> See Catalog for additional information 


Secondary Rectifier Circuit 
Part AC RMS. ca. ra 
Number Volts Amperes _ Full Wave Bridge 


18.5C.T Vv 
185CT 7 
35 CT 145 
70 CT 30 
18.5C.T 7 
35 CT 145 
70 CT 30 
**DC output volts stated are for resistive or 


inductive loads. Capacitor imput may be 
used if RMS AMPS is not exceeded 








*380-1600 Cy 
+5060 Cy 


MINIATURE 
TRANSISTOR 


Available in 8 case types 
Hermetic(-4) 'S/, 4° x 148" Wt. 1% oz 
Molded (M) %" x %" x 1'5/3.° Wt. 1% oz 
Open Frame(F) %° x 1° x 13/4", Wt. 1 oz 
Part | Pri Sec 
Number | Application imp i) 
MT1* Line to Emit 600 600 
MT7* Coll. to PP. Emit 25,000 1,200 C.T 
MT8* PP. Coll. to PP. Emit 25,000 1,200 C.T 
MT9* Line to PP. Emit 600C.T. 1,200C.T 
MTI1" PP. Coll. to PP. Emit 4,000 C.T 600 C.T 
MT13* PP. Coll. to Speaker 4,000 C.T 34 
MT14* Coll. to Speaker 2N179 400 10 
MT15* PP. Servo Output 2N57 500 C.T 210 
MT18* P.P. Coll. to PP. Emit 25,000 C.T 1,200 C.T 
MT23* P.P. Coil. to Servo 250 C.T 1,000 
Add either AG, H,. M. FB. FPB, A, or -P to Part Number to 
Gesignate construction See catalog for detailed information 


VERI-MINIATURE 
TRANSISTOR 


open) F)* Wt. .16 07. size 7/4" x jg" x % 
Frame) (-FB)* Wt..2 oz '5/s2° x "ig x '%/a2 
Molded (.M)* Wt. 4 072. 9/;4° x 4 x ¥2" high 
= 4’ color coded leads, resin impregnated 
Part Primary Secondary 
Number | Application | impedance (DC) |Impedance (DC) 
VM 3° interstage 25,000 600 (1 ma) 
VM 4° input or interstage 200,000 1200 (.72 ma) 
VM 5* interstage 50,000 600 (1.0 ma) 
VM 6° interstage 100,000 1200C.T.(.72ma) 
VM 7* Output 500 (3.5 ma 

VM 9* Output 1250 (2.0 ma) 

VM 10° interstage 2,500 (1.5 ma) 

VM 11° Choke 20 Hy.(0ma) 12 Hy. (5 ma) 
VM 12* interstage 20,000 (.75 ma) 1000 

VM 13* interstage 20,000 .72 ma) 1000 C.T 


“Add either -F, or -M, or FPB to part number to designate con- 
struction. See catalog 
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Pius or Minus 


Random Comments of the Editors and Readers 


Making “Black Boxes” 
Truly Black 


EarLy Last NOVEMBER there were two 
conferences held coincidentally in Dal- 
las: The National Automatic Control 
Conference sponsored by the IRE- 
PGAC, IRE-PGIE, AIEE, ISA, ASME- 
IRD and SMU: and a Control System 
Components Conference sponsored by 
the AIEE Feedback Control Systems 
Committee. 

The NACC dealt primarily with sys- 
the CSCC was strictly 
on hardware. Combined registration 
was about 400—350 for the NACC, at 
most 50 for the CSCC sessions. Why the 


tems and theory; 


| difference in number? 


The difference in attendance at these 


| two conferences is not in itself a serious 


problem. But the small turnout for the 
CSCC sessions may well be a symptom 
that many of the real problems (in 


designing and specifying components 
for control systems) fall into an en- 
gineering “no man’s land” that all too 
few seem willing to penetrate—be they 
control systems builders or components 
manufacturers. 

The systems designer is not con- 
cerned with anything that has been 
built. His thinking is keyed to the 
needs of the future and ways of ful- 
filling these needs. The problems he 
tackles are more likely to be of tech- 
nique than of hardware. His aim is to 
come up with a block diagram with a 
transfer function and a frequency re- 
sponse expression for each block. The 
blocks? These are “black box” com- 
ponents that are supposed to perform 
exactly the way the systems designe 
thinks they will. 

CSCC Chairman D.D. Pidhayny be- 
lieves that a “technical as well as emo- 


(Continued on page 16) 


On Communicating with Machines 


“One of the best-organized conferences 
we have ever attended.” was the enthusi- 
astic comment of attendants at the 
Eastern Joint Computer Conference 
held at Boston's Statler-Hilton Hotel 
during the first week of December. The 
papers presented were, almost without 
exception, of superior quality, and the 
committee must have had a difficult 
choice to make when they decided to 
award the $300 “best paper” award to 
Dr. H. K. Skramstad of the National 
Bureau of Standards for his paper, “A 
Combined Analog-Digital Differential 
Analyzer.” This analyzer (in the design 
stage at present) combines, according 
to Dr. Skramstad, the analog advan- 
tages of high speed and continuous 
representation of variables with the 
digital capability of high precision 
and dynamic range. 

Other speakers reported on recent 
developments in automatic computation. 
The design features of the new giant 
computers—Remington Rand’s LARC 
and IBM’s STRETCH—were discussed. 
The STRETCH’s memory” 
provides a method of “looking ahead” 
in order to permit the simultaneous 
operation of several blocks of memory 
in an asynchronous computer, while 
maintaining logical correctness. The 
most important features of the LARC 
are flexibility and speed of operation, 


“virtual 


as well as a particularly advantageous 
programming potential. 

On the hardware side, the Esaki tun- 
nel diode was widely-—and enthusi- 
astically Research 
Horizons, p 9 this issue, and discussion 
in the Basic Science & Engineering 
article “Molecular Microwave Ampli- 
October 1959, p 151.) While 
some engineers do not think a great 
deal of the practical potential of this 
new device (at least at this time), 


discussed. (See 


fiers,” 


most of the speakers at the conference 
effects com- 
perhaps even far greater 


anticipate revolutionary 
parable to 
than—the changes brought about by 
the development of the transistor. 

Dr. Willis Ware of the Rand Cor- 
poration was the speaker at the EJCC 
dinner, reporting on computer develop- 
ments in the Soviet Union. Soviet com- 
Ware, are 
completely mathe- 
maticians, they are excellent in the 
numerical-analysis field, and “they 
know what’s in the literature—their 
own and that of other countries.” Com- 
paring American computers to those 
he saw in the Soviet Union, Dr. Ware 
concluded: “I am not worried about 
the hardware. I am worried about com- 
munication—machine language. Our 
goal depends on information research, 
on better communication with ma- 
chines.” —A.M.H. 


puter experts, said Dr. 
computer-oriented 
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Some Ideas 


ee ee ae a a 


This badly-soiled drawing is getting a mild soap-and-water bath to restore its original printing quality. 


Tracings you can wash! Mention this to a 
Chief Draftsman and you'd likely see his 
eyes light up as he perceives the implica- 
tions of a simple new technique — one 
that’s being used now by Raytheon Co. and 
could save them at least $50,000 this year. 
Ihe secret: Herculene® Drafting Film by 
K&E, plus Staedtler Duralar plastic pencils 
—a completely washable combination, and 
the answer to... 


A Dirty Old Probiem 


Functionally, an engineering drawing is 
only as good as the prints it will produce. 
This is a fact of life that governs any dis- 
tribution-print system — conventional blue- 
prints, white prints, or reduced-size prints. 
It holds true in a full-fledged miniaturiza- 
tion program, too. How long will an orig- 
inal tracing continue to produce top-notch 
prints? The answer depends on how much 
and what kind of handling it receives. Re- 
visions, smudging, processing and filing all 
take their toll of a drawing’s printability, 
decreasing it gradually — and sometimes 
quite sharply. As printing quality dimin- 
ishes, some form of rehabilitation becomes 
necessary. But re-drawing — whether man- 
ual or photographic — can be costly and 
time-consuming. Drafting and reproduc- 
tion experts have been wishing and work- 
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ing for a more efficient and economical 
solution. 


A Simple Solution: Soap-and-Water 
Washing became a possible answer with 
the advent of polyester-base drafting films 
and plastic pencils — and a practical reality 
with Herculene. This remarkable film com- 
bines a stable, waterproof Mylar® base 
with a completely washable surface for 
smudge-proof Duralar pencil lines — which 
bond to the Herculene surface and won't 
wash off. 


Only the dirt washes away. There’s no loss 
of line-background contrast, no loss of 
detail. The tracing can be restored to its 
original condition in a few moments - 
without re-drawing! 


Pe ne ee en a 68 on an a a ae a en ee een enen esas ene 


KEUFFEL & ESSER CO., 


Please send me further information about the washable tracing method, plus 
a sample sheet of Herculene Drafting Film and a Duralar pencil. 


Company & Address 


| 

| 

| 
| 
| 
| Name & Title 
| 
| 
| 
| 
L 
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for your file of practical information on drafting 


and reproduction from 
L__——.—_ — —~—-~ KEUFFEL & ESSER CO.-—————-—-—— 


Dept. EM-1, Hoboken, N. J. 


————$—————— a HOS 


yj 
! 
| 
| 
| 
| 
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A Proved Money-Saver 


To amplify an earlier point: the Missile 
Systems Division of Raytheon has been 
washing Herculene drawings for the past 
year, and now expects to save over $50,000 
on re-draws alone in the year ahead. A 
large aircraft manufacturer has used the 
Herculene-Duralar soap-and-water method 
even longer, and reports impressive dollar 
savings plus an outstanding improvement 
in print quality. 


In 6 months of testing and 14 months of 
actual drafting-room use, Raytheon engi- 
neers exposed Herculene to all basic trials 
— and a battery of fiendishly extreme con- 
ditions. They scored Herculene with a 
sharp scriber, but couldn’t remove the 
matte surface. They taped a sheet to the 
floor and had a 200 pounder roll over it 
in a swivel chair during an active day. 
Herculene was baked and frozen — and 
doused with hot coffee — with no effect on 
its surface. After two hours, the coffee 
stain was washed off without a trace. Re- 
sults of these torturous tests were so favor- 
able that now, Raytheon’s Missile Systems 
Division uses practically no drafting film 
but Herculene! 
A Note of Caution 

There are other waterproof drafting films, 
but plastic pencil lines will wash off some 
of them. So, when comparing polyester- 
base films, it’s best to check them for pencil 
line washability. And another point —don’t 
try this technique with ink or graphite 
lines — use only the Duralar K1 or K2. 
Even if you don’t want to adopt the wash- 
ing technique immediately, you're free to 
make the change at any time if you 
use Herculene —the indestructible drafting 
medium with the washable, engineered 
surface. 


More Merciless Testing Invited 
We'd be pleased to send you a sample of 
Herculene, and we invite you to do your 
best to ruin its excellent drafting and print- 
ing quality. The Herculene sheet comes in 
a small folder with complete instructions 
and a water-fast Duralar pencil — which 
K&E engineers helped develop for use 
with washable Herculene Drafting Film. 
Mail the coupon below for your sample! 
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HEYCO STRAIN RELIEF BUSHINGS 


for standard and special wires and cables 















The Approved Standard for 
Insulating and Anchoring 
ELECTRICAL 
CORDS & CABLES 
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HEYCO JUNCTION-TERMINAL BUSHINGS 


Miniature insulated receptacle for use with 3/16" quick 
disconnect terminals. Completely insulated Nylon body. 





Snap-in Assembly - Color Coded 
Eliminate “Pig-Tail® Wire Leads 


2 








Adjusts and fits into curved surfaces 
Available single or connected in units 
2 to 5. Color and Number Coded 
Mate with 34.” 


from 


or 4" female terminals 





@) vevco Snap Bushings 
Snap locks into panels up to %" thick with 
oes 


finger pressure — 35 lb. push back test. 
10 sizes for holes from % to 1%” dia. 
¢' ~ ~ 
iJ 
Nu 9 








various inside diameters. 


Nylon provides complete electrical in 
sulation and rugged mechanical pro 
tection for Electrical wire & cable 
Tubing & hose-Rope & cable-Bearing 
lo surface for moving parts 


Same bushings available 
without holes 















HEYMAN 
MANUFACTURING 


COMPANY 


KENILWORTH 1, NEW JERSEY 





Hey Man Say HEYMAN ! 
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tional gap has been created between 
component designers on one hand and 
system designers on the other.” So far 
know, the only agency actively 
working to close this gap is the Com- 
ponent Specification Subcommittee of 
the AIEE Feedback Control Systems 
Committee. We presented their case 
in Mr. Pidhayny’s article “Dynamic 
‘In-System’ Specifications for Control 
Components” in August 1958. We are 
re-stating it here because (1) in a 
relatively short time and with only a 
few people working on their own, some 
real trail blazing has been done, and 
(2) we feel that greater participation 
Components Specification Sub- 


as we 


in the 
committee by systems and components 
designers will work to the benefit of all. 

The results so far include (presented 
at Dallas): 

e “Proposed AIEE Standard on 
Wideband Transformers” 

e Proposed AIEE Test Code for 
Magnetic Amplifiers” 

e “Proposed Specifications Stand- 
ards for Electrohydraulic Flow 
Control Servovalves” 

Potential benefits and Subcommittee 
aims: 

e A common 
mon basis of testing and evalua- 
tion by systems and components 


language and com- 


designers. 

e A greater knowledge of com- 
ponents and their limitations on 
the part of systems designers so 
that they can design their sys- 


(Continued on page 198) 
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Although this month’s Basic Science & 
Engineering contribution, starting on 
page 89, stresses the fact that network 
analysis theory and methods definitely 
apply to non-electrical systems, the elec- 
trical circuit is still the key concept. Our 
cover boldly states “circuit,” and portrays 
the mesh current symbols which are so 
fundamental to circuit study. 
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CHART Some unique combinations of 


electrical and physical properties in Anaconda metals 


that mav save vou monev—handle tough jobs better 
y ) 7 Sil J 


Properties shown for ELECTRICAL 9 ‘ AACHi E FORMS 
precipitation-hardened PTT eT ; ABILITY PWT VIO.\ 183 
condition—Heat-treatable ve . 3 

alloys ' 


Chromium 

Copper-999 

(Cu 99.05%, Cr 85%, 
Si .10%) 


Leaded 

Nickel 

Copper-831 

(Cu 97.8%, Pb 1.0%, 
Ni 1.0%, P .2%) 


Cunisil-837 
(Cu 97.5%, Ni 1.9% 
Si .6%) 


To give you a basis of comparison, here are properties of 
two standard Anaconda electrical coppers 


ETP Copper—100 
(Cu 99.9+%) 


Leaded Copper—126 
(Cu 99.0%, Pb 1.0%) 


The values given above are intended as a guide to a tough problem or indicates a way to cut costs with- 
some unusual combinations of electrical and physi- out sacrificing quality or performance — see your 
cal properties available among Anaconda alloys. If American Brass representative for more details. Or 
any of them gives you an idea for possible solution to send in this coupon today. nn 


The American Brass Co., Waterbury 20, Conn. 


COPPER « BRASS « BRONZE « NICKEL In Canada: Anaconda American Brass Ltd., New Toronto, Ont. 
Please send me more information about the following alloys: 


SILVER MILL PRODUCTS ] Chromium Copper—999 Leaded Nickel Copper—831 


Cunisil—837 [] Leaded Coppers 
Electrolytic Tough Pitch Copper—100 


Name 


PRODUCTS ee 


Street 
Made by The American Brass Company City / State 
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TAYLORITE--THE NEW 
NAME FOR IMPROVED 
VULCANIZED FIBRE 


Taylorite makes better arc chutes for switch- 
gear manufacturers. Its improved formability 
and electrical properties permit the fabrication 
of more compact and efficient components. 


Photo courtesy I-T-E Circuit Breaker Co. 
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Our vulcanized fibre is so im- 
proved that we have given it a 
new name. Better electrical, 
physical and mechanical proper- 
ties, and greater uniformity from 
lot to lot have made this workhorse material even 


more adaptable to a broad range of applications Taylorite offers new flexibility, ply adhesion, 
tear resistance, resilience and toughness to 

: manufacturers of abrasive discs and drum 
throughout industry. sanders. Also uniform abrasive distribution. 


New Taylorite commercial grade, for example, a ‘s ae a a a = = s . = = - = > = : = 
has greater tensile strength, greater flexural . pa ae : 
strength, greater compressive strength, and greater 
dielectric strength than the older commercial grade. 

It is extensively used in the electrical industry. Its 
high impact resistance, good formability, tough- 
ness, and ability to be deep drawn make it an ideal 
material for 1001 industrial applications. Samples 


are available. Test them for yourself. Put them 


: a Taylorite provides new impact resistance and 
p $10 e e ‘ ‘ ; 
under tension, flex them, compress them, form toughness in many structural and mechanical 


Sad i applications. Typical of these is its use as kick 
them. You will find Taylorite passes your severest back plates in bowling alleys. 


tests with flying colors. And remember, Taylor 
offers you complete design and engineering 
assistance. 

Data Sheet 2-0 gives complete technical infor- 
mation—write for a copy and for samples today. 


Taylor Fibre Co., Norristown 37, Pa. 


to lot make it ideal for such vital applications 


VULCANIZED FIBRE as railroad track and switch insulating parts. 


ylor Taylorite’s improved electrical properties, im- 
pact resistance and high uniformity from lot 
LAMINATED PLASTICS 
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Here’s why you save $60 in maintenance 


Ordinary brakes need frequent adjustment... 


Ordinary magnetic brakes require periodic adjust- 
ment to compensate for wear . . . industry average 
is once every two weeks. New Westinghouse SA 
brakes are completely self-adjusting . ._. auto- 
matically adjust themselves during operation. Once 
they’re installed, you never haveA6 touch them. 
This means you save at least’$60 per year per 


brake in — that’s not all... 
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a year with every Westinghouse SA brake 


Westinghouse SA brakes adjust themselves... automatically 


Westinghouse magnetic brakes also offer you 
these important benefits: 1) dust-tight enclosure 
which eliminates cleaning of dust, dirt and metal 
particles . . . 2) automatic self-alignment which 
substantially reduces installation time . . . 3) safe, 
sure protection against dragging shoe tips and un- 
even lining wear, eliminating costly replacements. 

Ask your Westinghouse representative about 


JANUARY 190 


the many ways this new brake can benefit you. 
Or, write Westinghouse Electric Corporation, P.O. 
Box 868, 3 Gateway Center, Pittsburgh 30, Pa. 
Ask for Booklet B-6548. J-22114 


you CAN BE SURE...1F 17S 


Westinghouse 
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SILICONE NEWS from.Gow Corning 


rp BS ere 


New“T'ape Speeds Processing 


Guideline Tape Made from Silastic 
Cuts Application Costs 50% to 60% 


New Guideline triangular tape now makes possible silicone rubber insula- 
tion systems at costs virtually competitive with other form-wound coil 
insulation systems. The reason: processing economies resulting from the 
tape’s unique triangular construction and self-adhering properties. 


Made of Silastic®, the Dow Corning silicone rubber, Guideline tape retains 
exceptional electrical and physical properties from —90 to 250 C, resists 
arcing, ozone and corona. It produces a homogeneous, resilient insulation 
system unaffected by heat, cold, moisture, abrasives, many chemicals and 
corrosive atmospheres. 


Insulation systems made from Silastic are moisture, chemical and abrasion 
resistant enough to permit open enclosures to be used in contaminated 
areas where totally enclosed motors might otherwise be required. 


Silastic is widely used in appliances and other electrical equipment as 

For example: the wrap-around strip heater shown 
at left. Sandwiched between two layers of 
Silastic, heater elements are sealed against 
moisture the rubber easily with- 
stands 260 C temperatures without loss of 
insulating efficiency. 


well as in motors. 


Write today for a tape sample, full infor- 
mation plus a list of companies producing 
insulating materials made from Silastic. 


first in 


silicones 


Electro-Flex Heat strip heater 


Easy To Process 


Developed by Dow Corning, cost-saving 


advantages of Guideline tape are many: 


One wrap only. A single wrap of Guide- 
line triangular tape is all that’s needed to 
primary insulation 


produce the entire 


wall thickness. 


Self-adhering. The tape bonds to itself 
. requires no pasting. What’s more, the 
tape’s beveled edges overlap producing a 
void-free insulation structure require 
no filling. Edges appear only on the inner 
and outer surfaces of the insulation wall. 


Easy to apply. A conspicuous center line 
makes it easy to achieve a precise half-lap 
construction of uniform thickness. Wrapped 
coils have a smooth surface and excellent 
appearance. 

ee 


Circle 208 on page 17 
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..-Slilicones assure 


997 Varnish “seals in” Dependable Performance 


Each United Airlines plane equipped with an automatic 
pilot has three servo-motors to actuate the rudder, elevator 
and ailerons. Designed for minimum size and weight, 
these motors are insulated with Class H materials and 
dipped in Dow Corning 997 Varnish. After more than 
5 years, these motors are still giving reliable service . 
even though the same motors, when insulated with Class A 
materials, had to be scheduled for replacement after only 
1,000 hours of use. 


Dow Corning 997 Varnish permits operating temperatures 
up to 250 C ... gives electrical equipment protection 
against overloads, moisture, many chemicals, corrosive 


atmospheres and other hazards. Chute 800 ab ence 89 


Silicone Compounds Form Moisture Proof 
Dielectric Seal 


Coated or packed around electrical connections and similar 
components, Dow Corning 3 Compound protects against 
moisture, corona, other hazards . . . eliminates flashover, 
arcing and shorts caused by moisture leakage paths. It is 
effective from —75 to 200 C. Nongumming, nonmelting 
and noncorrosive, 3 Compound easily adheres to most 
surfaces. 


Moisture and contaminants on these feeder plugs connected 
to railroad car air conditioning units during stop overs 
could cause arcing or flashovers. Hazard is eliminated 
with a coating of Dow Corning 3 Compound. Free 
sample available. Circle 211 on page 217 


greater reliability 


Moloney Electric Company Class H dry-type transformer 


Silicone-Glass Laminate Resists Heat, Moisture 


This 1500-KVA dry type transformer utilizes silicone-glass 
laminate for spacer bars, phase barriers and layer insula- 
tion. The reason: bonded with Dow Corning resins, 
silicone-glass laminates retain their mechanical strength, 
high arc resistance, low loss factor and low moisture 
absorption even after prolonged aging at 250 C. 


Silicone-glass laminate helps make transformers lightweight 
and maintenance-free. What’s more, silicone insulated 
transformers will provide reliable service almost anywhere, 
regardless of high ambients, humidity, contaminated or 
dust laden atmospheres. Silicone glass laminates are avail- 
able in tubes, sheets, punched or molded shapes from 


leading laminators. Circle 210 on page 17 


Your nearest Dow Corning office is your number one source for latest information and technical service on silicones. 


CORPORATION MIDLAND. MICHIGAN 


branches: arian 


JANUARY 1960 


BOSTON 


CHICAGO CLEVELAND OALLAS LOB ANGELES NEWYORK WASHINGTON OC 


27 





Miniature Might. Tiny Oyster Drills 
Urosalpinx Cinarea) are noted destroyers 
fellow 
) mollusk species, 


of their much larger mollusks 


oysters. One of 8( 
the Oyster Drill feeds on his 


snc rkel 


victims 


through a shell-piercing 


Maximum Precision for the entire 


mechanism of this electric timer is assured 
by MPB bearings mounted on 


in gear 


haft ends 


and trains. By reducing torque 


these stainless mean longer 


life and less 


stee! bearing 


maintenance for the timer 


Man with Miracles. Sales Manager 
Ken Broman heads MPB Sales Engineers in 
their engineering and consultative serviceto 
industry. One of these highly experienced 
MPB technical men is always ready to help 


solve your miniaturization problems, 


More Miracles in Miniaturization O Portal we 


Designing and redesigning to meet modern 
requirements calls for miniaturization on a 
grand scale. Components for aircraft or outer 
space missiles must be reduced to minimum 
size and weight. Greater precision is needed 
in complicated, compact mechanisms and ex- 
pert miniaturization is sought throughout in- 


dustry. MPB helps you perform miracles in 


miniaturization by producing over 500 types 
and sizes of bearings ranging from 3 8” 
O.D. down to 1/10 


required. For an illustrated catalog containing 


” 


O.D., with specials as 


complete facts on these bearings, for engi- 
neering advice or both, write Miniature 
Precision Bearings, Inc., 60] Precision 


Park, Keene, N. H. 
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Helps you perform miracles 
in miniaturization 
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3H E RIVAL TERMINAL LUGS 
AND CRIMPING TOOLS 


ath ea 


SPEED INSTALLATION — REDUCE COSTS! 


SERRATED CRIMP 
FOR GREATER RESISTANCE 


tO PULL-OUT 


BARREL-LENGTH 
VOID FREE 
CONNECTION 


PNEUMATIC POWER CRIMPING TOOL 


Portable or bench mounted... use it in 
the shop or on the job for top production. 


RETURN THE COUPON TODAY! 


H. B. SHERMAN MFG. CO. 
Battle Creek, Michigan 


Show me how I can save up to 15% with your — 
LUGS CRIMPING TOOL BOTH 
SEND FREE SAMPLE OF CRIMP 


Name___ 


SHERMAN s SHERMAN Firm 
UNI-CRIMP “ST” LUG 


Luc Address __ 


City 


H. B. SHERMAN MANUFACTURING CO., Battie Creek, Michigan, U.S.A. 
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A glass yarn “skeleton...with an asbestos “skin 


With new Quinorgo R-4...you get high mechanical 
Strength and lasting dielectric properties in one sheet 


For the first time... 
1M Fiber Glass Yarn 
: and J-M Asbestos Fiber 
- are integrally combined 


ina single insulation 


Need an insulation paper with the excel- 
lent handleability that results from high 
mechanical strength? 

Because L-O-F Glass Fibers Company has 
joined the Johns-Manville family, you can 
now get excellent handleability along with 
good lasting electrical properties in new J-M 
Quinorgo® R-4. 

An open cloth of tough J-M fiber glass 
yarn—the same uniform, low-twist yarn 
widely used for efficient magnet wire pro- 
duction—provides great strength in both 
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...NOW gives you 2-ways-better insulation 


machine and cross-machine directions. Pre- 
vents tearing, penetration; gives improved 
handleability for today’s high-speed fabrica- 
tion techniques. The glass fibers resist mois- 
ture... won’t shrink or swell . . . and they 
withstand temperatures up to 1000 F. 


Need dielectric properties that stand up 
under high operating temperatures? 


You get lasting dielectric strength in new 
Quinorgo R-4. Highly purified asbestos fiber 
—formed integrally with the glass yarn as 
part of the papermaking process — retains 


its electrical properties under high-sustained 
operating temperatures. The asbestos has 
near-unlimited thermal resistance, too. 


Quinorgo R-4 is currently supplied in 10- 
mil caliper for rotating equipment. For this 
or other electrical insulation needs, contact 
your nearby Johns-Manville representative. 
In addition to Quinorgo R-4, he can supply 
a wide range of asbestos-based insulations 
treated with Class B, F, or H resins. Send 
for helpful data sheets. Johns-Manville, Box 
14, New York 16, N. Y. In Canada: Port 
Credit, Ontario. 


JOH NS -MANVILLE 


JOHNS-MANVILLE 


PROOUCTS 
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Give Your New Appliance 


IPB Integral Push Button Timer for detergent or bleach additions, etc... . easily 
Press a button—and the timer automatically selects added by cam-actuated snap-action switches. Manual 
the washing program best for the particular fabric cycle advance. Intelligence drum can be adapted to 
and condition of soil. Option of 24 push button drive shaft to tell cycle position. Positive stop pre- 
switches gives broad range of functions. Horizontal or vents incorrect cycling. Positive drive gives ample 
stacked arrangements to suit your console. Push torque. 4-second programming. All connections and 
buttons, piano key styling, or rotary dial control. controls on one panel. All this... at a price com- 
Sub-interval switching for momentary impulses. . . parable to regular interval timers! 


TTT ee 
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RPB Remote Push Button Timer 


New combination of trim, slim push button panel and separate 
timer assembly gives interesting new styling possibilities. You can 
place the control panel wherever most convenient or attractive .. . 
even on “master kitchen control panel” at any desired distance from 
the washer. Timer unit fits anywhere there is room inside the 
cabinet. Simple electrical cabling between units . . . no mechanical 
interconnections. Provides all of the operating and construction 
features of the integral push button timer . . . choice of piano key, 
button or dial control; option of up to 24 button stations; sub- 
interval switching; single panel for cable harness connections; 
manual cycle advance; intelligence drum; 4-second programming; 
positive stop; positive drive. 





Models Extra Value 
with New E.T.C. Timers 


As modern as tomorrow, this new line of E.T.C. timers is designed to give you 


New convenience in appliance operation for greater customer appeal 
New power for positive, dependable control 
New flexibility to fit your forward-looking designs 


New economy for your production 


The latest developments from the company that pioneered in automatic sequence 
timers, the basic models shown here can be engineered in almost endless variations 
to fit your individual requirements. They offer interesting possibilities not only in 
washers, dryers, and other appliances, but also in a variety of commercial and 
industrial equipment that needs automatic sequence control. Write us today 
for consultation. 


Electronic Timers Company 
Warsaw, New York 


A Division of 


M PR MALLORY &CO inc 


XD Extra Duty Timer 


New simplified design with forced advance 
drive eliminates common sources of timer 
service problems . . . is ideal for coin-operated 
appliances and other constant-duty equip- 
ment. Mechanism has been tested far beyond 
usual service expectancy. Generous surplus 
torque permits adding actuating devices to 
the drive shaft . . . often eliminates need for 
secondary electrical controls such as sole- 
noids, relays. Unit terminal board provides 
all connections at one panel, cuts your wiring 
costs. Timer shaft can be rotated by knob or 
dial jndicator for manual cycle advance. In- 
telligence drum can be adapted to drive shaft 
to indicate cycle position. Sub-interval 
switching, to give momentary impulses for 
detergent or bleach injection, etc., is easily 
added by standard snap-action switches 
mounted for cam-actuation. Can control at 
option up to 24 circuits. Standard rating 
115 volts, 15 amp; isolated circuits can be 
250 volts, 25 amp. 
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HERE’S WHY P&B TELEPHONE TYPE RELAYS GIVE YOU 
reliable performance over long life 


Heavy Duty Frame 
maintains dimensional 
stability, adds to 
relay's sensitivity. 


Armature Pin Bearing shows 
only .0005” increase in clearance 
after 300 million operations 


Husky Armature Arm 
prevents sagging 
or bending 


BS SERIES TELEPHONE TYPE 
Measure the thickness of the BS series armature 
arm. You will find the cross section area is greater 
than ordinary relays of this type. Here is the kind 
of quality that spells dependability. 

Observe that the stainless steel hinge pin runs 
the full width (not just half) of the armature, pro- 
viding optimum bearing surface. This pin, operat- 
ing in a stainless steel sleeve, shows only minimal 
wear during nearly a third of a billion operations. 

Best of all, P&B quality costs no more. A whole 
new plant is being devoted to the production of 
high performance telephone type relays. Your near- 
est P&B sales engineer will be happy to discuss your 


relay problems. Call him today. 


GENERAL 
Breakdown Voltage: 1000 volts rms 60 cy. min 
between all elements. 
Ambient Temperature: —55° to +85° C. 
+125° C available on special order 
Weight: 9 to 16 ozs. 
Terminals: Pierced solder lugs; 
Coil: One #16 AWG wire 
Contacts: Two #18 AWG wires 
Enclosures: Dust covered or sealed 
CONTACTS: 
Arrangements: DC—up to 28 springs 
AC—up to 24 springs 
Material: 4,” dia. twin palladium. 
Up to 4" dia. single silver. 
Other materials on special order 


GS SERIES—Excellent sensi- 
tivity: 50 mw per movable arm 
minimum (DC). For applica- 
tions requiring many switch- 
ing elements in small space 


LS SERIES—Medium coil relay 
with short springs and light 
weight armature for fast 
action, reliability and long life. 


BS SERIES ENGINEERING DATA | 


Load: 4 amps at 115 volts, 60 cycle resistive 
Pressure: 15 grams minimum 
COILS: 
Resistance: 100,000 ohms maximum 
Current: 10 amps maximum 
Power: DC—50 Milliwatts per movable arm. 
Greater sensitivity on special order. 
AC—17.9 volt-amps. 
Duty: Continuous 
Treatment: Centrifugal impregnation 
Voltages: DC—up to 300 volts with series 
resistor. AC—up to 250 volts, 60 cy 
MOUNTING: Two #8-32 tapped holes 34” o.c. 
Other mountings on special order. 


TS SERIES—Short coil relay is 
available in AC and DC versions. 
Long life construction. Can be 
supplied (DC) with up to 20 
springs (10 per stack). 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


@) POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 
IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO 
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Three ‘measurable advantages’ of General Electric CR2940 Oil-tight Pushbuttons: 


BETTER APPEARANCE, GREATER SAFETY, MORE FLEXIBILITY 


When your machines, consoles or 
panels include CR2940 General Elec- 
tric oil-tight pushbuttons, you’ve built 
in an extra sales advantage that will 
improve customer acceptance of your 
products. 

The outstanding appearance of G-E 
units is the result of several exclusive 
features: pushbutton color coding is 
permanently anodized on color rings 
to prevent loss of identification due to 
dirt and grime, and to provide posi- 
tive all-angle color identification; new 
satin-chrome finish on_ selector 
switches and bright aluminum rings 


GENERAL 


resist corrosion and wear, blend well 
with machines or panels. 

The rugged, all-metal standard push- 
button operator hugs the panel to 
avoid accidental damage. Protected 
buttons also guard against uninten- 
tional operation. Write for bulletin 
GEA-5779, General Electric Company, 


Schenectady, New York. 731-20 


You get 


MEASURABLE ADVANTAGES 


WITH GENERAL ELECTRIC CONTROL 


ELECTRIC 
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BUILDING BLOCK CONSTRUCTION cuts your 
stock needs. Just 6 color rings, 8 operators, 
3 contact blocks, provide 144 different 
units. Units can be front- or back-mounted. 
Variety of separable nameplates adds 
further versatility. 





FIRST CHOICE FOR 


Designers of complex military and industrial equip- 


ment fully appreciate the need for extremely reliable 
components. For over a decade, UTC has been devoting 
constantly increasing manpower and dollars in the 
search for increased transformer and filter dependa- 
bility. Investigation and analysis have been related to 


RELIABILITY 
UNDER 
ADVERSE 
_ENVI RONMENT 


ie a leader in the Pniatu. 


the life testing of large numbers of units to failure, plus 
thousands of wire-insulation-impregnant-potting and en- 
capsulating systems. This program tias resulted in 
proven materials, methods of structure and full quality 
controls which assure in UTC units an overall degree of 
reliability unequaled in our industry. 


RELIABILITY TO DESTROY 


A vital factor in second generation missiles is the sure ability 
to destroy the missile should something go wrong. UTC 
high reliability transformers were first choice for Ramo- 
Wooldridge in the design and production of their 4 pound 
AN/ORW-11 “command destruct” receiver which provides UHF 
FM signals to three command channels. 


RELIABILITY 
TO NAVIGATE... 
CONTROL ... COMMUNICATE 


Manufacturers providing principal electronic 
gear for the B-58 chose UTC for optimum 
miniaturization with maximum reliability under 
adverse environment. In general aircraft use 
reliability units are found in 

applications such as Tacan, 


UTC high 
virtually all 


omnirange, intercommunication uipment, 
and fire control. The high inherent quality 
level of UTC airborne components is illus- 
trated by over ne units being pace? = 
one customer .. . then fully tested . 

zero rejects. 


INITED TRANSFORMER CORP. 


Varick Street, New York 13, N. 


a en, cose we. TrEON BAD, 108 ANORIS 14, CAL 


EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, NV. Y. 
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PRODUCT-DESIGN BRIEFS 
FROM DUREZ 


Inside story 


In an engine block such as this one, 
smoothness of the inner surfaces is a 
high-priority design problem. Any ob- 
struction or undue roughness in the 
channels is likely to impede the flow 
of coolant through the block. 


To solve the problem, more and 
more foundrymen are switching to a 
method of making’ castings that gives 
smooth, clean inner surfaces every 
time: shell cores. 

They're getting more than smooth- 
ness. The close tolerances possible with 
shell cores permit holding section thick- 
ness uniform throughout the piece, and 
from piece to piece. In an engine block, 
that means better heat transfer. 


Finally, most castings made with 
shell molds and cores need only a bare 
minimum of machining. That saves 
money. 

Want to know how these better cast- 
ings are made with the help of Durez 
foundry resins? Check the coupon and 
let us send you the new “Durez Guide 
to Shell Molding.” 
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it expedites 


This pod shrinks time. 

For people who have alighted from 
a jet airliner, it shortens the wait at the 
luggage checkout. 

For the airline, it telescopes flight 
schedules by cutting ground time to 
the necessary minimum. For the men 
who use it to load or unload 35 suit- 
cases at a crack, it takes much of the 
“lug” out of luggage. 

It has to be strong, light in weight, 
safe. That’s why it is made of Hetron" 
glass-reinforced polyester. Not only 
does Hetron match and excel the 
strength characteristics of other rein- 
forced plastics; it is also inherently 


At your finger tips 

Here’s the quickest way we know to 
compare one phenolic molding material 
with another. Just send for the new 16- 
page booklet “Facts on 
It groups the most popular Durez ma- 
terials by types (general-purpose, im- 


(Seen SS ee ee ee 
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Phenolics.” 


] “Facts on phenolics” (16-page booklet) 


HOOKER CHEMICAL CORPORATION 


°e Smooth surfaces in metal castings 
e Plastic in luggage pods 
e Fast facts on phenolics 


AMERICAN AIRLINES 


and permanently self-extinguishing. 
The safety is chemically locked in to 
stay—not obtained by dilution with ad- 
ditives. 

Many great ideas like this one are 
taking shape in Hetron. They include 
65-foot radomes, factory skylights, 
large boat hulls, outboard motor 
shrouds, chemical ducts and blowers, 
transformer housings, heavy-duty 
switch-gear components. 

If you'd like to know more about 
this versatile, safe material—and who 
can mold it into shapes for you—check 
the coupon for the designer’s Hetron 
data file. 





pact, heat-resistant, electrical, etc.). It 
lists properties of the molding com- 
pounds and of molded specimens. It 
tells which MIL specs a compound is 
designed to meet. All you do is check 
the coupon to get a copy free. 


For more information on Durez materials mentioned above, check here: 


Data file on Hetron, including list of fabricators 


“Durez Guide to Shell Molding” (36-page bulletin) 


Clip and mail to us with your name, title, company address. (When request 
ing samples, please use business letterhead.) 


DUREZ p.astics DIVISION 


1301 WALCK ROAD, NORTH TONAWANDA, N. Y. 


Tae 
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You get MORE THAN A MOTOR with 





.for example... 


Versatility 


Personified 


That’s an apt description of General Electric’s Form G 

fhp motor if there ever was one. It’s the ability to 
modify, to adapt, to do things differently . . 

do them your way. Mount it upside-down, horizontally, 

vertically, direct, v-belt . . . whatever your 

product requires. You'll find in every case that 

General Electric’s Form G motor “‘can do’’. 


THIS AMAZING VERSATILITY results from several dis- 
tinctive design features. They’re reviewed on the next page, 
along with several other reasons why you gett MORE THAN 
A MOTOR when you select General Electric Form G motors. 
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These Form G motor wersatility features 


mean greater design freedom for you 


1. MOUNTING VERSATILITY Both 
resilient and solid cradle bases permit 
rotation of General Electric Form G 
motors within base to meet your prod- 
uct design and space requirements. 





2. FAST ROTATION CHANGE No 
need to specially order motors to 
meet your rotation requirements. 
Just interchange two motor leads; or vice versa) in one-fifth the 
reverse shaft rotation in seconds. time without confusion or error. 


3. FAST VOLTAGE CHANGE — Sliding 
plates on terminal boards allow 
change from 115 to 230 v operation 


4. EASY, DIRECT MOUNTING Mount 
Form Gs directly without expensive 
machining or brackets. Close end 
shield tolerances allow mounting 
of motor with simple through-bolts. 


5. ALL-ANGLE OPERATION All- 
angle sleeve bearing and positive oil 
retention system allow you to mount 
standard Form G motors in any 
position. No need for costly specials. 


6. COMPLETE LINE Over 850 basic 
models—and literally thousands of 
variations mean there’s a stand- 
ard Form G motor to meet your 
product’s exact requirements. 


Only General Electric Form Gs give you MORE THAN A MOTOR 


1. VERSATILITY PERSONIFIED) a Form G motor can 
meet almost any design requirement. 


2. EXPERT APPLICATION AID G-E engineers are always 
available to help solve unusual motor applications. 


3. ON-TIME DELIVERY multi-plant facilities assure you 
reliable, prompt delivery of the exact motors you need. 


4. YEARS-AHEAD DESIGN LEADERSHIP consistent leader- 
ship by G.E. keeps Form G motor customers “‘out front’’. 


5. EASE OF ASSEMBLY Form G motors provide assem- 
bly-line savings in time and money. 


6. FAST, LOCAL SERVICE a nationwide network of G-E 
Electric Motor Service Stations means service is 
always close at hand. 


7. QUALITY CONTROL every Form G motor is thor- 
oughly tested at all stages of production to assure you 
long, dependable performance. 


Make sure you get MORE THAN A MOTOR when you select fhp drives 
for your product . . . choose General Electric Form G motors, available in 
NEMA 48 and 56 frames. For more information contact your nearby 
General Electric Apparatus Sales Office or write Section 702-110, 
General Electric Co., Schenectady 5, N. Y. 
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Motor trouble slowing production? 








TIONAL brush man 


TRADE-MARK 


; helped solve this slowdown problem! 


Your 


motor performance. Incidentally, John went on to solve 
similiar brush problems on 3 of the steel mill’s 5,000 
amp motor-generator units. 

John Behen and his fellow “National” Carbon Brush 
Men have been solving industrial brush problems for 
years. Their experience and training — backed by 


> Motor trouble at this 44” steel mill 
caused one costly slowdown after an- 
other, says “National” Carbon Brush 
Man, John Behen. Source of the produc- 
tion trouble — excessive film build-up on 
JOHN BEHEN one of the mill’s edger motors. 





The mill tried several brushes to alleviate this con- 
dition but with no success. They called in John Behen 
who analyzed the operation and recommended the 
proper “National” brush grade. Result: a 100 ton 
increase in daily production thanks to trouble-free 


UNION 
CARBIDE 


“National” long term brush development — make them 
the logical consultants on any industrial brush problem. 

Call your “National” Carbon Brush Man today. Or 
write National Carbon Company, Division of Union 
Carbide Corporation, 30 E. 42nd St., New York 17, N.Y. 


“National’’, ‘‘N’’ and Shield Device, and ‘‘Union Carbide’”’ are registered trade-marks of Union Carbide Corporation 


NATIONAL CARBON COMPANY :- Division of Union Carbide Corporation + 30 East 42nd Street, New York 17, N.Y. 
OFFICES: Birmingham, Chicago, Houston, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco * CANADA: Union Carbide Canada Limited, Toronto 
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RHEOSTAT 

YOU CAN 
STAKE YOUR 
REPUTATION ON 


300 watt 


From 25 to 300 watts these VITROHM ring rheostats 
are engineered for longest life, maximum reliability 


To be sure about smooth, trouble-free 
control in the 25- to 300- watt range— 
just specify a VITROHM rheostat. 

You get smooth control: Close-laid 
turns (A) of special high-stability, low- 
temperature-coefficient wire or ribbon to 
insure smooth gradual resistance change 
from zero to maximum. 

You get reliability: VITROHM ring 
rheostats are engineered for permanence 
from highest-grade ceramic base and 
core (B), durably bonded, tinned-alloy 
terminals (C), to final craze-proof, shock 
resistant, Jong-lasting VITROHM bond- 
ing (D). 


42 





You get positive action: Self-lubricat- 
ing twin-shoe contacts—exclusive with 
W/L-—on balanced beryillium copper con- 
tact arm (E) eliminate backlash, con- 
tribute to smooth operation, minimize 
wear on resistance wire (A), assure 
positive contact to collector ring (F). 

You get many more features than we 
can detail here. Check them all in W/L 
Bulletin 60RR (and, above 300 watts, 
check “plate rheostats” in Bulletin 60A). 
Either bulletin, yours for the asking. 
Ward Leonard Electric Co., 34 South St., 
Mount Vernon, N.Y. (In Canada: Ward 
Leonard of Canada, Ltd., Toronto.) 9.6 
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ELECTRIC COMPANY 
MOUNT VERNON, NEW YORK 


Sager eee 
LIVE BETTER...£/ectrically 
FR ceulO-E ryincorcd Contiols Since 1892 
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RESISTORS ; RHEOSTATS § RELAYS CONTROLS} DIMMERS 
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GENERAL CONTRACTORS: Campbell Construction Co, Detroit, Mich, 
ARCHITECT & ENGINEERS: Campbell Engineering Co. Detroit, Mich. 
ELECTRICAL CONTRACTOR: Southeastern Electric Co. Detroit, Mich. 





Main Power Panels — BUSS Hi-Cap and FUSETRON fuses 


Electrical Protection Goes 


MODERN with BUSS FUSES 


in the Hoover Tool & Die Co., Centerline, Mich. 


This new industrial plant on the outskirts of Detroit 
illustrates that the modern trend in electrical protection 
is to fuses. The main switch gear is a 1600 ampere pres- 
sure switch protected by BUSS Hi-Cap fuses. The distribution 
panels, both power and light, are equipped with FUSETRON 
dual-element fuses. 

This plant will have many operating advantages be- 


cause fuses are installed. For instance: 


Future expansion without sacrificing safe protection 

Previsions were made to install a second 1600 ampere 
pressure switch when needed. This additional capacity and 
any increase in available fault current can safely be handled 
by BUSS Hi-Cap and FUSETRON dual-element fuses. 


The interrupting rating of BUSS Hi-Cap fuses is 200,000 


amperes rms symmetrical — and for FUSETRON fuses it is 


100,000 rms symmetrical. 


McGraw-Edison Co. -2F 


Through the years savings result from the greater 
dependability of fuses 


Unlike mechanically operated devices, a fuse has no 
hinges, pivots or contacts to stick or get out of order. 
Dust, fumes, corrosion or age cannot increase a_ fuse’s 


capacity or lengthen its blowing time. 


After years of service, a fuse will give the same safe, 
dependable protection if called upon to open as it would 


have given on the day it was installed. 


Is it any wonder then that “ELECTRICAL PROTEC- 
TION IS GOING MODERN WITH BUSS FUSES”? 
No other type of protective device can match the combined 
high-interrupting capacity, dependability and maintenance- 
free features of BUSS and FUSETRON fuses. 

For more information 


On BUSS Hi-Cap fuses, Write for bulletin HCS 
On FUSETRON dual-element fuses, Write for bulletin FIS 





BUSSMANN MFG. DIVISION, 
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LOUIS 7, MO. 
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Instruments that 


Stay Accurate 
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Simpson 
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After More Than 
600 Separate Inspections 
— One Panel Instrument 


Sounds like a lot of inspecting, but it’s one 
of the things that makes possible 
Simpson’s fine panel instruments. 


Take pivots, for example, which support 
the rotating armature of a meter movement. 
Because Simpson quality standards are so 
high, Simpson nmiakes its own pivots which 
require more than 60 separate inspections 
during manufacture. Among these are 
100% inspection under a 100X microscope 
and sampling inspection under a 400X 
microscope to check radius, cone angle, 
finish and other characteristics. One result 
is pivot points with a radius tolerance 
maintained to within .000010”. Moreover, 
Simpson inspects each and every group of 
pivots for correct hardness so they won’t 
deform under rough use. 


Through such meticulous care as this, 
Simpson is able to offer you panel instru- 
ments with accuracy limits that are 100% 
guaranteed . . . instruments with conserva- 
live ratings on which you can rely... 
instruments that stay accurate . . . instru- 
ments you can specify with confidence. 


Write for Catalog 2059A. 


ELECTRIC ® COMPANY 


5205 West Kinzie Street « Chicago 44, Illinois 
Phone: ES‘tebrook 9-1121 
In Canada: Bach-Simpson Ltd., London, Ont. 
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Any way it’s mounted, 

horizontally ... vertically .. . at the sharpest 
angle, this new Century Electric gearmotor 

won’t drip oil. Makes it ideal for applications 
where extreme sanitation is required. A variety of 
end plates are available besides the two basic 
types shown here. 
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Any way it’s mounted 


.. this new 


Century Electric gearmotor 


can't drip oll 


You can mount this new Century Electric gearmotor 
horizontally .. . vertically . . . at any angle and it still 
can’t drip oil. Here’s why: 

Instead of oil, gears are pretreated with a fluid 
paste while being assembled. Paste becomes em- 
bedded in gears and won’t wear, drip or fly off. No 
further lubrication is needed. Means you have no 
lubrication maintenance worries with this gearmotor. 


Clean operation—This new double-reduction, paral- 
lel-shaft gearmotor was designed for applications re- 
quiring clean running motors. Smooth housing exterior, 
cemented-on name plate and pressed steel dome make 
motor easy to keep clean. A stainless steel shaft is 
available at a small extra cost. Rigid sanitation re- 
quirements can be met with this gearmotor. 


Compact power—lIn an overall length of only 13 
inches the new Century Electric gearmotor unit de- 
livers speeds of 30, 37 or 56 RPM. It’s available with 
1¢ hp split phase, single-speed or multi-speed motors. 
The compact unit requires little more space than a 
standard motor. And it can be used to drive equipment 
such as small conveyors, pumps, mixers and agitators. 


CENTURY 


Reserve strength—Here are a few of the features 
which give the motor plenty of reserve strength for 
tough applications: 
Helical gears and pinions are precision machined for 
quiet operation and long wear. Ball bearings support 
intermediate shaft. 


Output shaft is supported by ball bearings care- 
fully assembled to minimize end-play . . . stresses 
are carried by integral mounting flange or feet. 

Gears run for years with minimum noise and vi- 
bration because all have rotational tooth contact. 
Intermediate low-speed gear is made of laminated 
phenolic material for even quieter operation. 


Application aid—Century Electric sales engineers 
will be glad to discuss your gearmotor application prob- 
lem with you. Century Electric makes all kinds of gear- 
motors—fractionals, integrals, polyphase, single phase 
and direct current—and Century makes 

a complete line of motors as big as 

400 hp. You will find the new Century 

Electric Motor Application Guide help- #& 

ful . . . please write for bulletin 270A. = 

For more than a motor... ss 


= ” 


ELECTRIC COMPANY 


St. Louis 3, Missouri Offices and Stock Points in Principal Cities 


a 


Mounting dimensions for new Century Electric, 
double-reduction, parallel-shaft gearmotor. Available 
in Ye hp. Output speeds 30, 37 and 56 RPM. 
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Other new Gearmotors include Century's line of single-reduction, right- 
angle shaft gearmotors .. . 
polyphase motors. Century also makes a complete line of integral hp. gearmotors. 


they are available with both single phase and 
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ee Plate TRUFLEX Thermostat Metal Assures 
CONSISTENT SENSITIVITY 


AND ACCURACY... 
In SIGNET CONTROLS 


TRUFLEX, 


In designing its new attractive thermostat Signet 
Controls turned to General Plate for Truflex Thermo- 
stat Metal. Here’s how Mr. W. D. Gibson, Manager of 
Signet Controls, puts it: 

“The heart of a thermostat is the temperature-respon- 
sive element. In designing our new Model T500 we were 
careful to select a thermostatic material which would be 
consistently sensitive and accurate. Our previous experi- 
ence assured us that we would obtain these vital characteristics with 
Truflex Thermostat material.” 

When you buy General Plate Truflex Thermostat Metal you can be 
sure that the first lot meets specifications 100% and every succeeding 
lot is a duplicate . . . has identical characteristics to the original... 
whether it be manufactured days, months or years later. 

Advanced General Plate production methods insure positive con- 
sistency in tolerances, grain structures, expansion, hardness, etc. They 
assure maximum uniformity of materials which reduces costly rejects 
and guarantees highest quality performance. 

Truflex Thermostat Metals are available as fabricated elements, 


A few typical Truflex fabricated parts assemblies and extra long coils or flat strip. Write for information. 


METALS & CONTROLS 


1901 FOREST STREET, ATTLEBORO, MASS., U.S.A. 


A DIVISION OF TEXAS INSTRUMENTS INCORPORATED . 
GENERAL PLATE PRODUCTS: Clad Metals «+ Electrical Contacts + Truflexd@) Therm ostat Metal © Piaunum meta © naccor Metals * muuw swe & transotor metals 
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\ 
ONLY SQUARE D STARTERS 
WITH ONE-PIECE 
OVERLOAD RELAYS GIVE Absolufe PROTECTION! 


e Only Square D makes thermal 
overload relays with 1-piece construc- 
tion—and only with 1-piece construc- ee 
tion can you know you've installed the (solder pot) 
heater correctly. Square D 1-piece emeulas 
overload relays can be installed only to overload, yet 
one way. They are factory-assembled, prevents aul- 
individually tested and calibrated, ; 
completely tamper-proof. Repeated 
tripping will not affect accuracy. Seteerniantnapdiamas 


You pay for overload protection — ee a) See part of 
be sure you get it. Insist on Square D 2. NS nently joined to solder 


- | t, can’t be i 
l-piece overload relays for absolute - = ene ie 


Square D Company 
Department SA-234 

4041 North Richards Street 
Milwaukee 12, Wisconsin 


Please send me information on Square D 
magnetic starters, along with your simple 
3-minute “jig-saw’’ demonstrator 


NAM 
COMPANY 
ADDRESS 


CY —$—$  ———— —__________ ZONE__STATE 


SQUARE J) COMPANY 


wherever electricity is distributed and controlled 


JANUARY 1960 Circle 131 on page 17 





REFERENCE GUIDE TO 
High-temperature 


VOLTAGE RANGE 
75 to 3,000 
VOLTS 


at wteaiafin " 
\ \ h bi, 


picepzene 


Available 
INSULATIONS and JACKETS 


Flamenol* (polyvinyl chloride) Nylon 
Polyethylene Dacron} 
Nylon Teflon 
Teflon} Glass braid 
Deltabeston* (asbestos and glass) Polyvinyl chloride 
Silicone rubber Neoprene 


Silicone rubber —and many others 
impregnated asbestos 


TOLERANCE RANGE 
(CONDUCTOR 
TEMP) 


All types meet Military Specifica- 
tion MIL-W-16878C. Many of 
these wires are also available with 
shields or nylon jacketed shield. 
All can be supplied either striped 
or in solid colors in accordance 
with RETMA color code. Varia- 
tions in insulation and jackets are 
available to fit your specifications. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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Electronic Wire 


An outline of the capacities, the components, and the benefits obtainable 
in General Electric’s comprehensive line of electronic wires 


You get high-temperature electronic wire for every 
application. Here are just a few: 


— internal wiring of electrical and electronic equip- 
ment, meters, and panels. 


— general-purpose wiring where excellent resistance to 
moisture and solvents may be required. 


—low-voltage wiring, where space savings are 
important. 


— coil leads to Class H insulated equipment. 
— aircraft, rocket, and missile wiring. 


You get G-E electronic wire directly from stock sup- 
plies, with exactly the size and the properties you need 
in conductor, insulation, and jacket. 


You get custom-engineering and exactitude of design 
and manufacture in every wire in the G-E line. You 
can count on all General Electric high-temperature 
electronic wires for complete reliability and efficiency. 


You get engineering service. If you need a special 
wire for a new or unusual application, G-E wire and 
cable field engineers will be glad to discuss your prob- 
lem with you. 


OTHER TYPES OF G-E WIRE FOR ELECTRONIC EQUIPMENT 


Magnet wire 


of every type and shape, in a variety of sizes. Insulations available: in- 
clude Formex* and Alkenex** enamel films; and Deltabeston glass or 
asbestos coverings. A variety of fabric, thermoplastic, and film insula- 
tions are also available. 


Aircraft Wire —____(___——__ 


G-E Flamenol aircraft wires are qualified products and are listed as ap- 
proved under these Military Specifications: MIL-W-5086A--Types I, II, and 
111; MIL-W-702A; MIL-W-8777A (ASG); MIL-C-7078A, Types | and II; and 
MIL-C-25038 (USAF). 


INSULATION 





Thermoplastic 
$1-57525 Nylon Jacketed 


Radio hook-up wire 


Recommended for radio, electronic, and other communication instruments, 
electrical measuring instruments, electronic devices, and ground installa- 
tions. Also to meet MIL-W-76A and MIL-C-915A Specifications. 


Cables 


to meet armed services 
specifications. 


*Registered Trade-mark Genera! Electric Co. 
**Trade-mark General Electric Co. 
t duPont Registered Trade-mark. 


AWG SIZE 


COND. TEMP (approx) 





16-26 





: Thermoplastic 
$1-57526 Plain 
S1-57527 .Nylon Jacketed 


14-24 
14-24 











Thermo lastic 
$1-57528 Plain 
$1-57529 Nylon Jacketed 


6-24 





Teflon ae 
S1-57533 Extruded 
$!-57535 Fused-tape Type 


‘Teflon 
S$1-57534 Extruded 
S$1-57536 Fused-tape Type 








Silicone Rubber 
$1-57541 Plain 
S1-57542 Glass Braided 


Silicone Rubber 
$1-57530 Plain 
S!-57531 Glass Braided 





roo -—-—-——————— For complete information, just mail the coupon. -——————$ —$ —$ —$ —$ ———=—4 


General Electric Company, Wire and Cable Department 
Section W234-122, Bridgeport 2, Conn. 

Please send me complete details about items checked: 
Name 
Title 
Company 
Address — 
City 


Zone 


sD sicectaclctasiiniticnpseninitpaticnis 


CC] Formex, Deltabeston, 
Alkenex, and other 
magnet wires 


(C0 High-temperature 
electronic wire 


C) Electronic wire for air- 


craft, missiles, and rockets [) Radio hook-up wire 


(-] | have described my electronic wiring problem 
on the attached sheet. What do you suggest? 
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special tools for wall -floor- 


Mounting feet, end brackets, 

{ } control hand wheel, conduit 
box, and output shaft can be 

relocated in minutes without 


5 or ceiling-mounting. Com- 
ponents can be changed or 
ie Shc) ore yells tae iT 
field to meet ever-changing 
Rae conditions of operation. 








This important design 
rh eU le Mea he aa 
problems of overhung 
discs. It equalizes distri- 
bution of belt loading — 
keeps bearings, shafts, 
discs and bekt permanently 
aligned — improves 
performance — and 
extends bearing life. 


| ae 


The motor and the belt housing of the 
ALLISPEDE DRIVE are individually ventilated 
Motor ventilating air is not exhausted into 
; the belt housing belts run. cooler for 
longer life. Service factor and operating life 
of all components are higher because of 
lower operating temperatures 





ae a 


Electrical remote control can be provided by an 


enclosed speed-adjusting motor, mounted on the 
belt-changing mechanism. This torque motor 
can be stalled without overheating, eliminating 


the need for troublesome limit switches. 


ca” 


Belt changing is fast 


( tea ie 


) Single-cog belts with 
extra contact area provide 
more efficient transmission 
of power and longer belt 














life. Dual ventilation, 

Wee eee machined discs, 
equalized loading, and 
automatic belt tension aid 

| in extending belt life 





and easy — without 
requiring special tools. 
You remove only one 
bearing bracket and the 
speed-adjusting mech- 
anism to make fast 
changes without 
affecting permanent 
alignment of 

discs or belts. 


A tachometer generator 
mounted on the output 
shaft operates an 
indicator that can be 
mounted at a remote 
location. Disassembly 
of-the tachometer is 
not required when 
making belt changes. 


Oe 


The Complete Line— 


Whatever your mechanical 
drive application 
requirements, there’s an 
ALLISPEDE DRIVE to 
match it exactly. Sizes up 
to 30 HP, output speeds 
from 1 to 10,000 RPM, 
and speed ranges up to 
8:1. Motors can be open, 
drip-proof, enclosed, or 
explosion-proof; with 
ventilated or enclosed 
belt housings, suitable 
for foot, P-base, C- or 
D-flange mounting on 
your machine. Available 
with parallel shaft, or 
right-angle, integral gear 
reducers, special shaft 
extensions, integral 
magnetic brakes, electrical 
or-mechanical remote 
control, and other 
modifications as required 
to meet the specifications 
of your application 


Four of the many variations 
of mounting available with 
the ALLISPEDE DRIVE. 


Another new product from Louis Allis 


Let’s look at the features of the 


ALLISPEDE DRIVE* 


New Louis Allis Drive offers accurate 
control — maximum belt life — long-run economy — 
low-cost versatility — ease of installation 


After checking the many superior features of this drive, you will prefer 

the Allispede every time. The illustrations at the left demonstrate the 

many advantages of design and construction available in this drive. 

The Allispede Drive gives you high efficiency and close regulation. Belt 
tension adjusts automatically — and belt changes are easy and fast. The 
modern design eliminates overhung discs—maintains belt and disc alignment 
— results in longer belt life — provides the ultimate in field versatility. 
Check the accompanying features — now! A phone call to your local 
Louis Allis District Office will bring a skilled Louis Allis Field Engineer. 
He will gladly study your drive problem and offer Application Engineering 
assistance. Or write to Louis Allis Company, 428 East Stewart Street, 
Milwaukee 1, Wisconsin for a copy of Bulletin 3600, 


*ALLISPEDE is = trademark of The Louis Allis Company. 


MANUFACTURER OF ELECTRIC MOTORS AND ADJUSTABLE SPEED ORIVES 


LOUIS ALLIS 
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CLARE 


NEW... 


Clare printed circuit relays, 


custom built to your design, 
offer sensational savings 


In space, weight, and cost | 


for modern data processing = 
and other high speed — 
Switching devices 





_ Relay mounted on your circuit board 


This outstanding relay assembly permits single or 
multiple installation of CLARE mercury-wetted con- 
tact relays in the small space of a printed circuit 
board. It plugs into a console in the same manner 


as the logic circuit it serves. CLARE mercury-wetted contact 


It brings to designers of data processing and data | isla nhemendae ais ieee 
logging equipment all the proved advantages of phere. Life expectancy over a 
CLARE mercury-wetted contact relays in the small- | Saree SaeE: 

est possible space. Individual switch capsules and 

coils are affixed to the printed circuit board and 

sealed from dust, moisture and tampering by ‘“‘Skin- 

Pack,” a tough vinyl coating. 


Let us show you how we would adapt your board to 
include either the standard HG relay or the ultra- Each capsule is sur- 


: rounded by individual 
high speed HGS...as well as other selected com- cai tetas tn alka amie 


ponents. wound to suit the oper- 
ating characteristics of 
the customer’s applica- 
tion. For full informa- 
tion on CLARE HG print- 
ed-circuit relays send for 
Bulletin CPC-4. 


Send us your 
printed circuit board 


Discover how you can save 
time, space and money... 
enhance the performance of 
your high-speed equipment... 
with CLARE printed circuit 
relays. Contact your nearby 
CLARE Representative, or 
address: C. P. Clare & Co., 
3101 Pratt Blvd., Chicago 45, 
Illinois. In Canada: C. P. Clare 
Canada Ltd., P. O. Box 134, 
Downsview, Ontario. 
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Typical assembly CLARE RIE! LAWS 


FIRST in the industrial field 





SYLVANIA MAKES ALL THREE—ALLOY, CLAD AND PLATED WIRE 


OAT LLL dippeyteriene 


TT EREAL LLL LALA LLL) 


How to speed up design of new products 


—call Sylvania for an unprejudiced recommendation on wire 


With design time for high-temperature equipment so 
much at a premium, it pays not to get bogged down by 
noncreative engineering details. Case in point: selecting 
wire to meet specific conductivity needs in corrosive or 
oxidizing atmospheres. 


You can save valuable time by calling on Sylvania for a 
wire recommendation. You see, Sylvania knows wire— 
knows the particular advantages of each kind. And of 
all major manufacturers, only Sylvania makes all three 


types of bare wire—alloy, clad and plated. Available in 
a complete range of sizes—.002 to .250, retains optimum 
characteristics at temperatures up to 1600° F. 


Result? Your Sylvania wire recommendation is-*un- 
biased. It’s based on your design’s needs and is not re- 
stricted by a limited line. You can get full details for 
future use — or timesaving help on your present project 
—by writing Sylvania Electric Products Inc., Parts 
Division, Warren, Pennsylvania. 


¥SYLVANIA 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS \/ 


Circle 135 on page 17 
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At this moment, 30,000 transistors 


are on test at General Electric 


Among the more than 30,000 transistors you 
will find right now on General Electric’s 
cycled life-test racks are Series 2N43 PNP 
germanium devices dating back to 1952. 

Each of these 2N43’s has clocked at least 
10,000 hours of operating life. This repre- 
sents five years of “power-on” operation with- 
“old” 43’s still live on! 

Since 1952, General Electric Company has 
produced and thoroughly tested well over 
20-million transistors. A quarter-million of 
these devices have been subjected to from 
1000 to 10,000 hours of maximum-rated-power. 


out failure. And the 


Life testing is but one of many exacting 
product quality-assurance criteria all General 
Electric semiconductor products must meet. 
For example, on an average, 16 separate 
quality-level tests . . . electrical, mechanical, 
environmental, as well as life... are given 
every General Electric transistor. 

Through its system of stringent quality con- 
trol, General Electric strives to continuously 
raise the stability/long-life reliability goals 
for semiconductor products—to the ultimate 
benefit of the user, the industry and the 
country at large. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


Semiconductor Products Department, Electronics Park, Syracuse, New York 
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Surpassing 
MIL-C-25A, 


CP-70, 


requirements 
by a wide margin— 


for —55 to +125 C operatio 


Sprague’s new series of small, drawn-rectangular case 
capacitors are far and away the best of their type that 
can be produced in the present state of the art. Sur- 
passing MIL-C-25A TypeCP-70 requirements for per- 
formance, reliability, minimum size, and temperature 
range without derating, DIFILM Vitamin Q® Capac- 
itors are made to withstand the most severe operating 
conditions encountered in military and industrial 
electronic equipment. 

Type 271P Capacitors are designed to operate over 
the temperature range of -55 C to +85 C, while 
Type 272P Capacitors will withstand operation at 
temperatures up to 125 C without voltage derating. 
Because of the superior electrical characteristics of 
both Type 271P and 272P Capacitors, their physical 


For complete engineering data on Drawn-Rectangular Case DIFILM | 
Vitamin Q Capacitors, write for Engineering Bulletin 2340 to Technical 
Literature Section, Sprague Electric Company, 307 Marshall Street, North 


Adams, Massachusetts. 


SPRAGUE COMPONENTS: 


Capacitors 


size is smaller than mineral oil capacitors customarily 
used where wide ambient temperature ranges are 
encountered. 

The new dual dielectric used in these capacitors con- 
sists of both synthetic polyester film and the highest 
grade capacitor tissue ... a combination which offers 
the best properties of both materials! 

The impregnant is Vitamin Q, a synthetic polymer 
which has been used by Sprague with outstanding 
success in paper capacitors for many years. 

Capacitor cases are of drawn-terneplate seamless 
construction with double-roll sealed and soldered 
covers. The result is a virtually leakproof container 
with increased reliability over MIL units using fab- 


ricated cases. 
==" : 


THE MARK OF RELIABILITY 


CAPACITORS « RESISTORS « MAGNETIC COMPONENTS ¢ TRANSISTORS ¢« INTERFERENCE FILTERS e« PULSE NETWORKS 


HIGH TEMPERATURE MAGNET WIRE e 
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PACKAGED COMPONENT ASSEMBLIES 
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Toward a Dynamic Concept 
Of Component Development 


SYSTEMS ENGINEERING is a dynamic reflection 
of contemporary design. Component engineer- 
ing must be equally dynamic, both in concept 
and execution. It cannot be passive, receptive 
only to demands made on it. In its own right, 
component engineering must lead the way, 
must challenge the systems engineer to new 
heights of accomplishment. Inexorable logic 
calls for a complete integration of systems 
engineering and component development. This 
logic was soundly established by Dr. J. A. 
Morton, Vice President, Device Development, 
Bell Telephone Laboratories, in his article in 
our August 1959 issue. In view of the wide 
reader response evoked by this article, it 
would be pertinent to restate here some of 
Dr. Morton’s conclusions: 


“The system designer must start at 
a new level of synthesis, specifying 
his needs only in terms of basic 
system functions with properly 
weighted objectives. This, in turn, 
will stimulate his imagination and 
effort to higher levels of sophistica- 
tion in system organization and 
logical design. Thus, the range of 
possible solutions open to the com- 
ponent designer will be greatly 
broadened in terms of such func- 
tional requirements. 

“In turn, the component designer 
must not only look for new and 
better ways of making and inter- 
connecting elements into functional 
modules. Without being impeded by 
circuit-element concepts, he must go 
directly to the physics of electrons, 
atoms, protons and photons in seek- 
ing basic functions.” 

There is strong evidence that this viewpoint 
is receiving support from both systems and 
component designers. It is significant that the 
1960 Electronic Components Conference to 
be held next May in Washington under spon- 
sorship of the AIEE, EIA, IRE and WEMA 


is planning its lead-off session on these three 


subjects: (1) Systems Needs; (2) Compon- 
ents Needs in the Next Decade; (3) Research 
Requirements. The projected roster of par- 
ticipants contains names of leaders in these 
fields. 

It is equally significant that molecular 
electronics will be the subject of a complete 
session at this conference. The ability of the 
molecular engineer to start at the atomic 
level and create materials and components 
that can drastically reduce the size, weight 
and power requirements of a given system is 
a particularly apt example of design possi- 
bilities inherent in the integration of basic 
materials research, component development 
and systems engineering. 

The strong interest in a dynamic concept 
of component development is reflected also 
in many local and regional meetings of cog- 
nizant engineering groups. However, it would 
be over-optimistic to expect that full recogni- 
tion of this concept exists throughout all 
segments of components designers. A par- 
ticularly serious gap still seems to exist in 
the area of automatic control. Here, the Com- 
ponents Specification Subcommittee of the 
AIEE Feedback Control Systems Committee 
has been doing some effective work in the 
direction of dynamic “in-systems” specifica- 
tion. 

Some five years ago, interest in components 
engineering per se was overshadowed by the 
emerging concept of systems engineering. 
Systems engineers were moving on one level; 
components engineers on another. During the 
past twelve months the situation has begun 
to shift swiftly. Allied with basic materials 
research, both the components engineers and 
the systems engineers are moving forward in 
an integration of purpose and effort. Where 
gaps in this movement still exist they should 
be quickly closed. 


Boog Ee faut 


Special Features Editor 





Research Progress 
In Dielectrics—1959 


Both the short-range and long-range prob- 
lems of equipment and systems designers 
are reflected in current areas of intensive 
research in electrical insulating and die- 
lectric materials, Dominating the sessions 
at the 1959 Conference on Electrical In- 
sulation were papers and round-table dis- 
cussions dealing with: high-temperature 
materials and techniques, corona effects 
and measurements, behavior of dielectrics 
at microwave frequencies, nuclear radia- 
tion studies, capacitor dielectrics, the ef- 


fects of extreme purity on properties. 


ALEX. E. JAVITZ 


Special Features Editor 


A TIGHTLY PACKED PROGRAM of 25 technical papers, eight 
round-table discussions and one invited paper (the J. B. 
Whitehead Memorial Lecture) made the Twenty-Eighth An- 
nual Meeting of the Conference on Electrical Insulation of 
the National Academy of Sciences-National Research Coun- 
cil* one of the most stimulating on record. The scope and 
depth of the papers and the prodding nature of the discus- 
sions attested to the vitality of research activity in this 


* Held October 26, 27 and 28 at Pocono Manor, Pa. 


Thirteenth consecutive annual on-the-spot review 
and interpretation of the Conference on Electrical 
Insulation, Division of Engineering and Industrial 
Research, National Academy of Sciences-National 
Research Council. 


field. The presence of many equipment and systems de- 
signers made it clear that the impact of research on appli- 
cation is in fact more immediate than is commonly 
supposed. 
Although the sessions were not formally grouped, the 
papers could be roughly placed in these categories: 
a. High-Temperature Materials and Test Techniques; 
Effect of Purity 
b. Capacitor Dielectrics and Design 
c. Behavior of Dielectrics at Microwave Frequencies and 
Related Test Techniques 
. Corona Effects and Measurements; Electrical Tracking 
Resistance 
». Cable Oils 
. Electrical Properties of Cellulosics Pulps 
g. Properties of Certain Natural Waxes; Nylon as an 
Electret 
. Special-Purpose Test Cells 


High-Temperature Materials and Test Techniques 


\ rapidly increasing interest in the effect of purity on 
electrical properties of materials was reflected in several 
papers. The possible improvement in high-temperature di- 
electric properties of reconstituted mica (mica paper) by 
purification and modification techniques was studied at the 
Westinghouse Research Laboratories. Ionic impurities were 
removed from mica particle surfaces by electrodialysist of 
slurries of various commercial mica “pulps.” A silica binder 
and barium ion enrichment were utilized in the modification 
studies. The properties of the purified and modified papers 
were compared with those of commercial mica papers as 
well as with muscovite and phlogopite mica splittings. The 
d-c resistivities, apparent dielectric constants and dissipa- 
tion factors at 60 cycles, 1 kc and 100 ke were measured at 
temperatures up to 500 C, using suitably designed test ap- 
paratus. In a report by D. H. Hogle, W. C. Divens and 
T. W. Dakin, it was concluded that, in general, neither 
purification, silica binding nor barium enrichment had any 
appreciable effect on the dielectric properties measured. 
It was indicated that the high-temperature properties of the 
reconstituted mica materials are Jargely a function of in- 
herent structural ionic constituents. 

Representative test results for dielectric constant and dis- 
sipation factor are shown in Fig. 1. The effects of density 
as shown in Fig. 2 indicate that high-temperature dissipa- 
tion factors of mica splittings are significantly lower than 
the best values for the related corresponding mica papers. 
The d-c resistivity, on the other hand, is appreciably higher 
for the low-density papers and decreases with an increase 


+ A combination of electrolysis and dialysis, the latter being a process of separat 


ing materials by the difference in their rates of diffusion though a colloidal semi- 
permeable membrane. 
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in density. Apparently, conduction directly through the 
laminate in the mica is dominant under d-c conditions. The 
Westinghouse study was sponsored in part by the Air Force 
under contract Nr AF33 (616) -5979. 

Another Westinghouse team (P. Tierney, D. Lewis, W. 
Divens, R. N. Wenzel and T. W. Dakin) discussed the ef- 
fect of purity on the preparation of sintered alumina and 
boron nitride for low-loss, high-temperature dielectric ap- 
plications. The investigation of highly purified Al,O, and 
BN was influenced by the superior high-temperature elec- 
trical properties normally shown by commercial samples of 
ordinary purity. The project was two-fold: (1) synthesis of 
high-purity materials; and (2) fabrication into forms suit- 
able for making the required electrical measurements. Di- 
electric tests were made at temperatures up to 500 C at 60 
cps to 10° eps. In addition to the synthesized materials, 
two samples of 99.99 per cent pure commercial alumina were 
also subjected to this investigation, as were two specimens 
of single-crystal sapphire. 

Several alternative methods of pressing and sintering the 
samples were investigated. It was clearly indicated that the 
methods used have a strong effect on the electrical proper- 
ties of these materials. Careful control of pressing and 
sintering conditions made it possible to obtain lower low- 
frequency dissipation factors and higher resistivity values at 
500 C than, presumably, had been reported previously for 
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Fig. 1—Dielectric properties vs temperature for fluorophlogopite 
reconstituted mica (mica paper) compared to muscovite and 
phlogopite mica splittings. 
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Fig. 2 
phlogopite mica (reconstituted and splittings). 
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Relationship of density to dielectric properties of 


other solid, dense dielectrics at the same temperature. Rep- 
resentative results for boron nitride for three different pres- 
sing methods are shown in Fig. 3. This research was also 
supported by the Air Force under Nr AF33(616)-5979. 

In the area of new polymer research per se, R. V. Einst- 
man of Du Pont’s Newburgh Research Laboratory presented 
a summary of the properties of a high-molecular-weight 
polyamide-type resin identified as “MK” polymer. Data 
were presented intended to show thermal stability and high 
nuclear-radiation-resistant properties. The data were ob- 
tained on sheet insulation made by coating woven glass 
fabrics with this resin, utilizing special techniques.* 

Mechanical properties were not given, but it was under- 
stood that such information is being developed. The author 
pointed out that although research work in high-tempera- 
ture materials has currently been in the direction of in- 
organic materials, the latter have an inherent limitation in 
mechanical properties. It was therefore felt that a heat-stable 
organic polymer with suitable radiation-resistant properties 
and good mechanical strength should fill many needs. 

Figure 4 shows some typical aspects of the thermal 
stability of MK polymer as measured by electric strength 
retention after accelerated heat aging. Samples were con- 
ditioned at 23.5 C and 50 per cent RH and were “mandreled” 


* Now designated by Du Pont as ‘“‘Herox’’ resin-coated fabrics. 
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40 Fig. 6—Dissipation factor of MK polyamide-coated glass fabric 
Temperature, deg C vs radiation exposure at room temperature and at 200 C. 


Fig. 3--Effect of pressing methods on dissipation factor and 
resistivity of boron nitride. 

















100 200 
Megorads exposure at 200 C 





Other Class H insulation 








Fig. 4—Heat aging vs electric strength of glass fabric coated 
with “MK” polyamide-type resin. 
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Fig. 7—Electric strength vs radiation dosage 
for MK _ polyamide-coated glass fabric. 
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et, ‘This article is a further extension of principles 
* discussed in these previously published Basic 
Science & Engineering articles: 
150 e Key to Dielectric Properties ‘July 1958 
eumieieine - Properties of Plastics—August 1959 (available 
in reprint form—-see p 19). 
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Fig. 5—Electric strength of MK polyamide-coated glass fabric 
vs temperature. 
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Summary — High-Temperature Problems Round-Table Discussion 


1. What do we actually mean by “high 
temperature”? Is it the temperature point 
alone? Are other variables involved? Con- 
sensus: temperature alone is unrealistic. 
In any evaluation of equipment or systems 
life, we cannot specify a temperature limit 
alone . . . we must ask (and answer) “for 
how long”? Temperature therefore is time- 
dependent. And one point more: environ- 
ment is still another factor . conse- 
quently we must base our evaluation (and 
eventual life guarantee) on a temperature- 
time-environment dependent basis. Boiling 
the whole problem down, isn’t it possible 
to set up a classification for minimum life 
as well as for temperature rating? 


2. Do we need temperature operation in 
excess of 125 C in areas other than the 
special military? Answer: actually not. 
The achievement of reliable 125 C com- 
ponents and materials systems would be 
highly desirable for almost all commercial 
and industrial product areas. Even for 
certain areas of application where severe 
operating and environmental conditions 
exist (as for mine motors) Class H (180 C) 
insulation seems to fulfill the requirements 
for continuous operation. . . . It might be 
observed that 125 C requirements for, say, 
20 years’ service could be a much “tougher” 
specification than 500 C for an “ablation” 
application. 


3. Granted that commercially there ap- 
pears to be no need for materials higher 
than 180 C classification for continuous 
operation, we must still provide materials 
for transient overloads able to withstand 
up to 300 to 400 C. 


4. What about household appliances? 
There is an increasing pressure for com- 
pactness to conserve space, and conse- 
quently to make it possible for the con- 
sumer to own and use a greater number 


of appliances. Doesn’t this condition infer 
possible higher operating temperatures? 
Answer: no; obviously a 500 C—even a 
180 C—motor would be dangerous in the 
home. The answer is to use premiwn com- 
ponents and materials and to use better 
engineering. With these two conditions 
satisfied, 125 C top operating limit would 
be more than adequate. 


5. Doesn’t the problem of better engi- 
neering cut across all product areas— 
military as well as the commercial and 
industrial? Answer: it certainly does. Fre- 
quently, sloppy or unimaginative engineer- 
ing rather than inherent materials proper- 
ties is the primary cause of equipment 
failure. To put this another way: in a 
given case, higher-temperature insulation 
may not be needed if the engineering has 
been properly conceived and _ properly 
executed in such parameters as heat dissi- 
pation and suitable clearances. 


6. The use of rated component parts 
(MIL or other specifications) does not 
necessarily assure freedom from failure... 
among other pitfalls is the use of compo- 
nents under operating conditions differing 
sharply from those under which the com- 
ponent was tested . . . for example, pulse 
conditions when the rating is based on 
sinusoidal. 


7. Despite the “special” nature of re- 
quirements for materials to operate at 
500 C or higher, the need is urgent and 
serious. In what directions, therefore, 
should we look for these materials? Con- 
sensus: straight organics have limitations; 
therefore, semiorganic compounds have 
strong possibilities—here the synergistic 
action of constituent elements may pro- 
duce materials with the prescribed prop- 
erties. On the other hand, we must be 
careful that reverse results are not ob- 
tained. 


8. One critical defect in many experi- 
mental semiorganics, such as the borons, 
nitrogen, phosphorus and sulfur com- 
pounds, is the strong hydrolytic tendency 
of these materials. 


9. Straight ceramics, of course, have 
strong possibilities in the ultra-high tem- 
perature field, but require compromise 
with respect to weight, ductility and, in 
some instances, porosity. 


10. It is essential to repeat that tem- 
perature is not the only operating param- 
eter. Two other parameters are co-equal in 
importance: “temperatures” for how long? ; 
“temperatures” under what environments? 


11. In summary: The sense of the round- 
table discussion was this: 


a. The need for materials to operate at 
500 C or higher is “special” in the 
sense of being needed for missiles, 
supersonic aircraft, nuclear power 
sources and similar applications, 


. Commercially, the need for reliable 
materials and components lies in the 
region of 125 C. Certainly the top 
is 180 C with provision for overload 
transients up to 300 or 400 C. 


. Better engineering (both in military 
and commercial applications) cer- 
tainly can obviate the need for higher- 
temperature materials. So can the use 
of component ratings in conformity 
with operating conditions. 


. Research and development must go 
forward in both directions—125 C and 
500 C and up. It would be desir- 
able if so-called “crash programs” in 
the ultra-high temperature area were 
‘aunched and planned with more com- 
prehension of practical conditions 
that operate in industry. 


prior to being tested for breakdown voltage. Exposures of 
over 1 year at 205 C or over 30 weeks at 250 C were found 
to cause practically no decrease in electric strength. Over 
50 per cent of initial electric strength was retained after 3 
weeks at 300 C. Figure 5 shows stability of electric strength 
from room temperature up to 200 C. 

Radiation effects were investigated by exposing thin 
samples to a 2-mev beam from a Van de Graaff generator 
at a dosage rate of about 1 megarad per sec. Tests were 
conducted both at room temperature and at 200 C. Repre- 
sentative results are shown in Figs. 6 and 7. The graphs 
represent permanent radiation effects. 

The new polyamide polymer is reported to be unaffected 
by a wide variety of common organic solvents. Suitable sol- 
vents are available, however, to process the polymer into 
various insulation forms such as fibers, enamels and var- 
nishes. Applications for the sheet insulation are proposed 
in Class H equipment for slot and phase insulation, coil 
tapes, separators and wedges; also in equipment where a 
combination of resistance to high temperatures, nuclear 
radiation and common solvents is desirable. 

An approach to the problem of measuring electric strength 
of hard plastics and ceramic insulating materials over a 
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wide range of temperatures (up to about 500 C) and fre- 
quencies extending into the uhf and shf ranges was pro- 
posed by L. G. Zukerman, United Electrodynamics, Inc., 
and E. T. Pfund, Jr., Electronic Specialty Company. 

In summary the method is as follows: A re-entrant res- 
onant cavity was constructed for measuring the breakdown 
strength of dielectric samples at 630 mc. The cavity was tun- 
able by means of a choke plunger to accommodate various 
thicknesses and permittivities of dielectric. It was also pres- 
sure-tight to allow pressurizing if necessary to avoid arcing 
or gas breakdown around the sample. (Actually, the shape 
of the electrodes and sample was effective in preventing such 
phenomena.) The dielectric samples were disks about 114 
in. in diam. %g¢ in. thick, and had a %¢ in. diam spherical 
concavity in the center, leaving a thin section on the center- 
line of the order of 0.005 or 0.010 in. For measuring the 
cavity parameters a micrometer screw was provided in con- 
junction with a flat-ended rod, so that accurately known air- 
gaps could be obtained. For testing dielectrics a spring- 
loaded rod with snap fingers for gripping the spherical elec- 
trode was employed. 

Energy was fed into the cavity by a coupling loop at the 
end of a 50-ohm coaxial line. The loop was rotated to a 
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position that gave unity standing-wave ratio on the trans- 
mission line, corresponding to unity coupling coefficient to 
the cavity. The voltage across the dielectric can be calculated 
by determining the square root of the product of these three 
quantities: (1) cavity Q under the given conditions, (2) the 
power flow into the cavity, and (3) the cavity form factor, 
which is dependent only on the geometry. 

With practical values of parameters, this system behaves 
as a voltage transformer with a step-up ratio of about 30. 
Electric displacements of the order of 1000 vpm can be 
obtained with power sources of about 2 kw or less, depend- 
ing on how thin the samples are ground. Hard materials 
such as fused quartz and Pyroceram can easily be ground 


Fig. 8—Degradation (in terms of per cent weight loss) against 
exposure at 400 F or polychlorotrifluoroethylene polymer in sev- 
eral forms. 











‘ aod. anole 
( | 2 


3 4 


Exposure time, months 


Fig. 9—Effect of exposure on polychlorotrifluoroethylene in 
terms of ZST (zero-strength-time), which is a measure of degra- 
dation of molecular weight of the sample. 
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down with spherical concavities to a thickness of 0.005 in. 

A much larger resonant structure based on the same 
principles, but differing considerably in detail design, was 
constructed for testing at 21 me. Other smaller devices 
for use at microwave frequencies of 3 and 9 kmc were de- 
signed but not constructed. 

For high-temperature tests. an electric hot plate is applied 
to the end of the cavity, or the latter can be inserted in an 
electric furnace. 

Recommended maximum service temperatures for com- 
mercial grades of polychlorotrifluoroethylene show a spread 
of almost 100 deg between the lowest and the highest, ap- 
proximately from 300 F to 390 F. Military specifications 
extend the low end of this rating down to approximately 
250 F. An extensive study of the thermal stability of this 
polymer was therefore undertaken by the Amphenol-Borg 
Electronics Corporation. As reported by Roy R. Divis, two 
major considerations guided this study: 

1. What is the effect of fabrication conditions on the 
properties of the polymer, such as heat. stability, 
molecular weight, tensile and flexural strength, and 
electrical properties? 

2. What can be done with regard to improvement of fab- 
rication techniques and compounding to obtain the 
optimum temperature resistance? 

Experimental data were derived from tests on two grades 
of polychlorotrifluoroethylene (Polyfluoron) * 
Acme Resin Corporation: a so called “high” grade and a 
higher-molecular weight “super” grade of very high purity. 
The presented data described the effect of selected heat 
aging conditions on certain properties of both virgin and 


produced by 


fabricated material. The properties considered were weight 
loss and molecular weight as measured by zero-strength- 
time (ZST) and flow index tests. Further data were de- 
veloped that compare the effect of fabrication method and 
fabrication temperature on the changes observed. 

An analysis of the test results leads to the following 
practical conclusions: 

1. Fabricated parts of simple shape are servicable at 400 

F for 6 months if no specific mechanical strength prop- 
erties are required. (This conclusion should be applied 
to any given design only after careful consideration 
of all design parameters. ) 

Fabricating methods that do not involve large me- 
chanical forces, such as friction and shear, produce 
parts of better heat resistance than parts fabricated 
by means of procedures that do involve large forces. 
Commonly used extruder methods depend on the use 
of a long barrel and screw in conjunction with the 
lowest possible processing temperature. A comprehen- 
sive study of the effect of fabrication mechanical forces 
might demonstrate that optimum temperature perform- 
ance could be obtained by the use of a shorter screw 
barrel and higher processing temperatures. 

Typical of the test data derived from this investigation 
are the graphs shown in Figs. 8 and 9. Both refer to a set 
of experiments on virgin and fabricated polychlorotrifluoro- 
ethylene samples exposed to 400 F for six months. Samples 
were removed at 1-month intervals and the weight loss, zero- 
strength-time and flow index were determined. The fabricated 
samples were made from the high-molecular-weight high- 
purity “super” materials. Original ZST value before fabri- 
cation was 1360 sec; the original flow index was 6.5 mg/min. 
Figure 8 shows the per cent weight loss against exposure 
time for the following four samples: 

1. compression-molded 6 in. sheet stock 

2. compression-molded %¢ in. sheet stock that had been 

molded, cut up. and remolded a total of 5 times 

extruded ¥% in. diam rod 

injection-molded small sleeves. 


* Other commercial grades: Fluorothene, Union Carbide Corp.; 
Mining and Manufacturing; Genetron, Allied Chemical. 


Kel-F, Minnesota 
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Fig. 10—Effect of applied stress on conductivity of polystyrene. 


It will be noted that there is a greater degradation during 
injection molding processes. This conclusion is reinforced 
by the results shown in Fig. 9 for ZST values vs exposure 
time. 


Capacitor Dielectric 


A report on the recent measurements of the conductivity 
of polystyrene film under relatively high electric fields, and 
a description of the field effect on the conductivity, were 
presented by Stanley Grand and John H. Coleman, Radia- 
tion Research Corporation. Film stressed at 700 to 1700 
vpm was measured at room temperature, 60 C and 75 C, 
To minimize the effect of extraneous currents and to assure 
accurate measurements at the extremely low conductivities 
used, specially designed 0.1 pf and 0.5 pf capacitors were 
fabricated. Three layers of 0.001 in. film were placed be- 
tween the 0.00025 in. aluminum electrodes. Edge effects 
were prevented by leaving 0.25 in. margins. Moisture effects 
were minimized by means of thorough drying at 75 C and 
appropriate sealing prior to testing. 

A capacitor discharge technique was used to make room- 
temperature measurements on the 0.1 pf capacitors. Con- 
ductivities obtained from these data are 5 & 10°*%, 1.5 
10-**, and 2.2 & 10°** ohm-cm at 670, 1000 and 1600 vpm, 
respectively. These conductivities correspond to leakage 
time constants of 125, 49 and 29 years. 

A direct-measurement technique was used to determine 
the leakage of 0.5 wf capacitors at applied voltages of 800- 
1400 vpm and at temperatures of 60 C and 75 C. Repre- 
sentative results obtained are plotted in Fig. 10. A marked 
dependence of conductivity on applied stress is evident. 
Throughout the range of field strengths examined at the 
given temperatures, this dependence is essentially logarith- 
mic with the first power of the applied field. 

The properties of aluminum solid electrolytic capacitors 
were studied by a Bell Telephone Laboratories team (N. 
Schwartz, J. K. Werner and Mrs. M. Gresh). Both wire and 
sintered porous aluminum anodes were utilized in the ca- 
pacitor structure identical to tantalum prototypes. The di- 
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Table 1—General Properties of Aluminum Solid 
Electrolytic Capacitors (100-Volt Formations, 
Hermetically Sealed, Measured at 1 kc, 25 C) 


Anode | Capacitance, 
type uf 


Dissipation | D-C leakage, 
factor pa/uf-v 


pf/cu in.* 


Smooth 
wire 0.043 12 


Etched 
wire? 0.30 54 


0.050 0.4 (35 v) 


0.054 0.7 (35 v) 


Porous 


slug® 1.23 68 0.10 3.0 (20 v) 





® Based on the capacitance when dried and the volume of the actual capacitor. 
This value will decrease by approximately 50 per cent of the volume if the 
hermetic seal is considered. 

> Same construction as the smooth wire but with an 8-fold surface increase -ac- 
complished by chemical etching. 

© Aluminum powder sintered at 658 C under vacuum to 50-60 per cent of true 
density. 


electric of these capacitors is believed to be a duplex oxide 
film consisting of: (a) an outer layer of porous hydrated 
aluminum oxide formed by a pre-anodization boiling water 
treatment (or formed during anodization of the metal above 
25 C); and (b) an inner layer of the barrier-type aluminum 
oxide formed by electrolytic anodization in an aqueous 
borate buffer. This duplex dielectric structure yields lower 
d-c leakages than either film alone, but the hydrated layer 
introduces a humidity dependence for capacitance and dis- 
sipation factor. Under completely dry conditions these latter 
properties are determined by the combined film; under nor- 
mal humidity conditions by the inner layer alone. General 
properties of these capacitors are shown in Table I. 

The average temperature dependence for capacitance of 
all three types studied (from —80 to +25 C) is -+-1500 
ppm/deg C, but there is a marked three- to four-fold rise 
in the coefficient above 25 C. A similar but larger tempera- 
ture dependence occurs for the dissipation factor. The un- 
usual temperature dependence above 25 C is directly related 
to the duplex dielectric, since for the anodic film alone the 
temperature dependence is small and relatively linear over 
the temperature range of —60 C to +85 C. 


Tests at Microwave Frequencies 


Preliminary results of studies on the time delay for elec- 
tric breakdown of polyethylene at 3300 megacycles were 
given in a progress report by Herman Farber and A. Abram- 
owitz, Polytechnic Institute of Brooklyn. The measurements 
at the microwave frequencies were conducted in a “dished- 
in” conical-shaped resonant cavity. The three-quarter wave- 
length TEM* mode of the cavity was used. The one-half 
wavelength section was filled with air and the remaining 
quarter wavelength was filled with the dielectric sample. 
A special dielectric-eembedded feedloop had been designed 
to permit matching the cavity impedance to the % in. 
coaxial transmission line. Tuning stubs in the air-filled sec- 
tion were used to tune the cavity. Correlation between oscil- 
lographic pictures and microscopic examinations of the di- 
electric samples permitted detection of the spurious effects 
such as voids and mechanical irregularities, which influenced 
the measurements. Preliminary values for the time delay for 
breakdown indicates a maximum value of 5 «& 10-8 sec with 
the probability that the delay is much smaller. [This re- 
search is supported by the Air Force under Contract No. 
AF-18 (600) -1505]. 

A convenient and accurate resonant-cavity dielectric meas- 


* TEM mode is the abbreviation for ‘transverse electromagnetic mode,” one of 


the various transmission modes found in a waveguide. These modes are character- 
ized by the electric and magnetic field patterns in a plane normal to the guide 
axis. When the magnetic vector is perpendicular to the direction of travel, the 
wave is “‘transverse magnetic,” or a TM-wave. When the electric vector is perpen- 
dicular, it. ie a ‘“‘transverse electric,"’ or TE-wave. When both vectors are per- 
pendicular, to the direction of travel, the wave is transverse electromagnetic, as 
previously noted. 
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Table 11—Comparison of Cavity and Slotted-Line Measurements 


(Cavity 9200 mc, Line 8650 mc) 


Dielectric constant, ¢’ 


tan 5 X 10¢ 





Material 


Polystyrene 


TFE-Fluorocarbon 


105.0 


Af» 
6.0 
2.6 2.4 


100.0 


* As, AT and AL are, respectively, frequency, transmission and length variation methods of determining the Q of the cavity. 


* Z; slotted-line impedance method. 


Table ili1—Performance of Low-Loss Al,O, 
At 9200 mc 


tan 6 X 10‘ (Q-method) 


Sample* 


No. 90 
No. 91 


1.4 
0.49 


Sapphire 


* Samples 0.25 in. diam 


Micrometer 


Fig. 11—Schematic of a cavity resonator for measuring micro- 
wave dielectric properties. 


High 
voltage 


Fig. 12—Capacitance bridge method of displaying corona charge 
transfer. 
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uring system for samples in the shape of a small rod or 
filament has been developed at the National Bureau of 
Standards, Boulder, Colorado, where it has been used for 
several years, especially for low-loss ceramics. A description 
of the system and a mathematical approach to a determina- 
tion of the desired values were presented by Howard E. 
Bussey. 

For a 9200-mc system and measurement the cavity is 
about 1.88 in. diam and 1.16 in. long, and has a 0.25 in. 
diam hole in the center of one end plate for inserting the 
sample (Fig. 11). The opposite end plate is micrometer- 
controlled. The frequency, Q and transmission coefficient of 
the empty cavity are measured. After the sample is in- 
serted, the cavity is re-resonated either at constant frequency 
by length adjustment or at constant length by changing the 
oscillator frequency. This procedure gives the real part of 
the dielectric constant. To determine the loss, either the Q 
or the transmission is measured with the sample inserted. 
For low dielectric constants, say 2 to 3, samples 3 in. diam 
are more suitable and may be measured by using an end 
plate with a larger hole. The end plate may be changed 
without appreciably changing the calibration of the cavity 
because there is no current flow from the end plate onto the 
barrel in the TE,,,* resonant mode used. If the sample loss 
is very low, a large sample is desirable; it may be com- 
pletely enclosed, since the end plate is removable without 
calibration changes. 

Comparison of results from this method with results from 
a slotted-line method shows agreement of 1 per cent or 
better for ¢’ and 10 per cent or better for the loss (Table 
II). In measuring low losses, errors may arise due to mode- 
interaction. To suppress this, the top end plate (Fig. 11) 
has a choke construction; also, the contact between the end 
plate and the cylinder is broken by insertion of insulating 
material 0.007 in. thick. Table III shows examples of meas- 
urements on low-loss Al,O,. The loss of sapphire is 2 
1 2 & 0. 


Corona Effects and Measurements 


A refinement of the so-called “charge-voltage oscillo- 
grams” in corona measurements was described by T. W. 
Dakin and P. J. Malinaric, Westinghouse Research Labora- 
tories. The interpretation of the results of a test program 
utilizing this technique is believed to have utility in both 
laboratory and production measurement of insulation struc- 
tures. 

The charge voltage trace on the oscilloscope is a tilted 
parallelogram. The bottom and top have a slope proportional 
to the low-voltage capacitance of the sample. If the air gap 
is small, and the increase in capacitance due to discharge 
is correspondingly small, it is practically impossible to 
present a measurable parallelogram trace, since the in- 
creased charge transfer to the sample is very small com- 
pared to the normal charging of the sample capacitance. 

The bridge circuit used to compensate for all of the 


* Subscripts to the mode designation (TEmnp) are integers that indicate the num- 
ber of variations in the x, y, z directions of the wave guide. 
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normal capacitance and loss of the sample (except that due 
to discharges) has four essentially capacitance arms (Fig. 
12). The two upper capacitors are relatively small in value 
and a high proportion of the applied voltage appears across 
them; one is the sample and the other a_ high-voltage 
corona-free capacitor such as is used in a Schering bridge. 

The bridge can be considered as similar to a Schering 
bridge with the low-voltage resistance arms replaced by 
relatively large capacitors. Capacitances of the order of 0.1 
to 1 wf are used in the lower arms. The capacitor in series 
with the sample is fixed and the other is a variable decade 
box. Dielectric losses in the solid sample are compensated 
either by a variable high resistance in parallel with the 
low-voltage arm or a smaller resistance in series with the 
high-voltage “standard” capacitor. A high-impedance audio 
transformer is required between the detector terminals. 
Operation of the circuit involves balancing the bridge ex- 
actly at a voltage below the corona-inception voltage. Typi- 
cal oscillograms are shown in Figs. 13 and 14. 

Experience has shown that failure in small samples of 
insulation has occurred after extremely small corona dis- 
charges in the incipient stage. Consequently it seems neces- 
sary to apply equally sensitive tests to corona detection 
within an apparatus structure, An application method was 
detailed by F. J. Vogel, Allis-Chalmers Manufacturing 
Company. Essentially, this method employs a circuit ar- 
rangement that would measure the total charge in a pulse. 
The results of a simple test of oil-impregnated paper be- 
tween rounded metal electrodes showed that failure could 
occur as a result of very slight amounts of corona after 
many hours of voltage stress. Prior to failure at 30 kv, the 
corona level was 15 to 20 pu coulombs. 

A mathematical analysis was presented to show that, with 
this method of measurement, circuit conditions do not affect 
the readings as greatly as might be expected. For maximum 
sensitivity, the voltage source should have large relative 
capacitance. The presence of windings does not appear to 
influence the readings to any significant extent. 

A testing procedure for obtaining electrical discharge 
data that would correlate satisfactorily with field experience 
was presented by Lyon Mandelcorn, Westinghouse Research 
Laboratories. Established test methods, it was indicated, fail 
to provide such correlation. The proposed method is de- 
signed to yield information on the breakdown mechanisms 
that take place in the insulation when subjected to various 
conditions of discharge. Power density is used as the basic 
parameter to describe the insulator-discharge configuration. 
At very low densities (10-° watts/cm?) insulators deteriorate 
by reaction with such active products of discharge as ozone 
and nitric acid. At high power densities (of the order of 


Table IV—Breakdown Times for Cylindrical 
Insulators Subjected to an Electrical Discharge 


Breakdown time, sec 


| Unflushed | Air 


Unflushed | thin wall flushed 


Cloth-filled 
phenolic 190 70 

Paper-filled 
phenolic 140 

Wood 130 30 


Epoxy | 60 30 


Polymethyl- 
methacrylate | Melted & | Melted & Melted 
charred charred | 
Silica-filled | 
. | 60 Melted at 


300 sec 








polyester 
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Fig. 13—Charge-voltage oscillograms of discharges between 
concentric metal and glass tubes, approximately 2.4 mil average 
space. Top: 5, 7, 9 kv (rms). Bottom: 6, 9, 12, 15 kv (rms). 
Note: Vertical deflection scale is different from Fig. 14 that 
follows; consequently, the two figures do not represent com- 
parable amounts of gas space in the respective systems. Oscillo- 
grams in Fig. 14 were obtained with much higher gain and 
represent a small fraction of the gas space model in this 
figure. 


Fig. 14—Charge-voltage oscillogram of discharges in a 13.8 kv 
generator insulation sample, sine-wave sweep. Top: 10, 15, 20 
kv (rms). Bottom: 15, 20, 25, 30 kv (rms). 


100 watts/cm?) thermal degradation of the insulator is 
usually caused by an arc. Moisture and surface impurities 
contribute to and modify the effects of a discharge. Carbon, 
as is well known, is the most deleterious discharge product. 
It was emphasized that the required test method should be 
versatile enough to make provisions for the broad spectrum 
of power densities and for the various practical breakdown 
criteria. 

The theoretical aspects of insulation breakdown processes 
and phenomena were analyzed. Results of some preliminary 
experiments are shown in Table IV. Electrical discharges 
were struck in the interior of cylinders composed of various 
insulating materials. The loss in power of the discharge due 
to thermal conductivity along the electrodes was determined. 
The remaining discharge power subjected the sample to a 
power-density distribution of 2 to 4 watts/sq cm. Break- 
down time was taken when the discharge shorted through 
the insulator. Wall thickness and atmospheric conditions 
(air and nitrogen) were varied. Results show that both 
thermal degradation and (in particular) oxidative degrada- 
tion are responsible for insulation breakdown. The evolved 
gases imparted discharge resistance to all materials investi- 
gated except to polymethylmethacrylate, where carbon was 
precipitated on the surface. 

Two Westinghouse Research Laboratories reports dealt 
with electrical tracking properties. In one, G.M.L. Sommer- 
man presented the results of tests on a number of polymers, 
including thermoplastic, elastomeric and rigid-cross-linked 
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materials. Tracking under moist conditions was measured 


with a modified dust-and-fog test. Dry tracking resistance 
was obtained with the 
(D495). 

It was short-time 
D495 test be used to predict the results for 


the time-consuming dust-and-fog test. Correlation, however, 


ASTM low-current arc-resistance test 


that, for materials 


results may 


concluded many 


does not exist for at least three types of polymer structures. 
Tracking test lives were found to correlate with the amount 
and type of inorganic fillers as well as with the organi 
chemical structure. 

In the second Westinghouse paper, the need for develop- 
ing track-resistant coatings that could be applied to the 
surface of relatively poor track-resistant insulators was dis 
Chottiner and B. V. McBride. Properties of 


proprietary coating materials were presented and test meth- 


cussed by 3: 


ods were described. The economy of utilizing a good track- 


resistant coating with a relatively low-cost substrate insula- 
tant was suggested. Desirable properties for coatings of this 
nature were listed as follows: good adhesion; high resistance 
indentation; resistance to 
chemical and solvent attack; good electrical properties. 

{ theoretical paper by A. H. Sharbaugh and P. K. 
Watson, Electric Research Laboratory, discussed 


departures from Paschen’s Law* in high-pressure nitrogen. 


to impact, abrasion and good 


General 


At this writing, details of this paper have not been released 
for publication. In summary, the d-c sparking potential of 
pure nitrogen gas has been measured under uniform electric- 
field conditions in the pressure range 15-3000 psi and at 
electrode separations ranging from 0.25 to 25 mils. Depar- 
tures from Paschen’s Law are found to occur at very high 
fields and to depend upon cathode conditions. 

A model was proposed in which current is field-emitted 
from the cathode under the combined effect of the applied 
field, and a positive ion space charge on an insulating Jayer 
at the cathode. At sufficiently high fields the cathode current 
was found to be unstable and breakdown followed. Excellent 
agreement between theory and experiment was reported. 


Cellulose and Waxes 


Much intensive research is under way to develop im- 
proved several counts, 


existing cards fall short of the most desirable characteristics. 


materials for computer cards. On 
Cost factors (and the inherent nature of cellulose materials) 
still point to paper as the most suitable material. The prob- 
lem is to determine the controlling properties and then to 
produce paper stock from economical woodpulps that would 
meet the prescribed combined physical and dielectric re- 
quirements. The results of a study of several commercial cel- 


* Paschen’s Law states that the sparking potential between electrodes 
depends on the length of the 
that it is directly proportional to the mass of gas between the two electrodes: 
that is, the sparking potential is 


in a gas 
spark gap and the pressure of a gas in such a manner 
a function of the pressure times the density of 
the gas 


Thomas D. Callinan, Inter- 
national Business Machines Corporation Research Center. 


lulose pulps were presented by 


(Exotic woodpulps were ruled out owing to cost. ) 

The fact that different 
produce papers that differ in electrical properties has been 
established. The IBM research work was aimed at two other 
variation in the 


woodpulps made by processes 


problems. Is there any relation between 
fiber length in the same pulp and variations in the electrical 
properties of paper from this pulp? Are there any varia- 
tions in the electrical properties of paper made from the 
same-size fibers taken from different pulps? The results ob- 
tained from this investigation lead to the conclusion that 
differences in the electrical properties of cellulose papers 
can be traced to the differences in the size of the constituent 
fibers, and of course to differences in inherent chemistry. 

The chemical compositions of fractions of two pulps ot 
different fiber length are given in Table V. It will be noted 
with fiber length. It 
fibers would 


Representative 


that the chemical compositions vary 


logical that from. these 
different 


shown in Table VI. The values were deter- 


is therefore papers 


exhibit electrical characteristics. 
properties are 
mined from capacitance, dissipation factor and d-c resistance 
measurements; an Endicott cell was employed. The values 
10 and 100 ke over a relative 


humidity range from 0 to 92 per cent. 


were determined at 0.1, 1, 


Electret Materials 


Interest in electrets' has gone through several cycles in 
recent years. The name “electret” implies an object with 
which an apparently permanent electric field is associated. 
In effect. “electret” is the electrical analogue to the term 
“magnet.” A. J. Curtis, National Bureau of Standards, re- 
ported on an observed electret behavior of 66 nylon. Dur- 
dielectric properties of this 
semicrystalline polymer, a very slow relaxation process was 
A study of the molec- 
ular behavior of the polymer indicated that this polymer 
might show interesting electret properties. It was observed 
that if a d-c field was applied to a disk of nylon while heated 
above about 60 C, a slowing decaying charging curent could 
be observed superimposed on a conduction current. As in 
the classical 


ing an investigation of the 


observed at temperatures above 50 C. 


lowered 
and the field removed, a small static charge was observed 


electret, when the temperature was 
across the sample, apparently corresponding to a very slow 
relaxation process. Subsequent heating of the polymer gives 
rise to a greatly enhanced discharge current. The experi- 
ments were carried out using disks about 2-3 mm thick 
with diameters of 3-4 cm. A d-c field of 200 volts was ap- 
plied and static fields of up to 4 esu/sq cm were observed 
after cooling. 

The use of dielectric spectroscopy to establish the molecu- 
lar structure of three naturally occurring waxes (carnauba, 


t See “What about Electrets?"’—an annotated bibliography by Erik R. Nielsen 
Evecrnicat Manuractrurinc, December 1950, p 96 


Table V—Chemical Composition of Cellulose Paper Handsheets 


| 
| Cellulose 


Fiber length, mm Lignin 


Moisture Extractables 


Unbleached sulfate 


34 
53 
86 
22 
77 


Semi-bleached sulfate 


0.69 
0. 98 
0.54 
1.50 
1.70 


utkun 


os 


~ 


| 25 


24 
25 
55 
90 
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Table Vi—Dielectric Constant (<’) and Dielectric Loss Factor («’) of Cellulose 
Paper Handsheets Made from Same-Size Fiber (3.5 mm) 


ee 
| é” 


Unbleached sulfate 


100 cps 
Relative 
humidity | J 


0.004 
0.006 
0.506 
1.301 
1.568 


0.006 i. | 
0.008 
3.49 


Semi-bleached sulfate 


2.79 0.0636 0.04 
2.86 0.088 0.06 
10.69 3.68 0.53 
— ~- 1.37 | 
— _- 1.65 


ouricuri and montan) was described in a paper by T. D. stant and dissipation factor was studied with the guard-ring 


Callinan and A. M. Parks, IBM Research Center. Analysis 
of the dielectric constants and loss factors over a frequency 
range of 100 to 100,000 cps shows that the hydroxy acid 
esters of which the three waxes are largely composed are 
arranged in a trans-trans configuration. With increasing tem- 
perature, the hydroxyl groups are free to rotate about their 
molecular axes without destruction of the crystalline 
order. Similar effects have been previously observed in long- 
chain alcohols. Calculation of the energy of activation for 
dipole relaxation shows that the dielectric loss spectrum is 
directly interpretable in terms of the hardness of the wax. 
It was further suggested that, for waxes of the same general 
composition as the above, an increase in dielectric constant 
is a direct result of increased softness at room temperature. 


Radiation Effects 

The magnitude of electrical conductivity of a dielectric 
under ionizing radiation has been reported in the literature 
as a function of both the temperature and the dose rate. 
In a study presented by Arthur Bradley, Arthur P. Pinker- 
ton and Stanley Grand, Radiation Research Corporation, 
the results indicated that the induced conductivity also 
varies with the total radiation dose and, in some instances, 
is actually decreased under radiation exposure. 

Samples of boron nitride, quartz, mica compositions, 
polystyrene, and glass were irradiated in an electron beam. 
Induced conductivity measurements were then carried out 
under 104 rads/hr of krypton-85 beta radiation using a spe- 
cial irradiation cell. It was found that natural mica and 
Corning 1723 glass had the lowest induced conductivities 
of the materials tested. Polystyrene and fused quartz had 
higher initial induced conductivities, but improved con- 
tinuously as the pre-irradiation dose was increased up to a 
billion rads. Table VII presents a summary of test results. 


Standard Samples and Tests 


A progress report from the National Bureau of Standards 
Dielectric Section (prepared by Arnold H. Scott and Wil- 
liam P. Harris) dealt with a study of materials that might 
be suitable as standard dielectric reference materials. A 
need for such materials has been long felt. The materials 
studied include: quartz, polystyrene, polyethylene, poly- 
methylmethacrylate and polymonochlorotrifluoroethylene. 
An essential requirement is that electrical properties should 
not be subject to unpredictable change as a function of 
environment or time. Both high-loss and low-loss standard 
specimens are needed. 

The uniformity of materials in regard to dielectric con- 
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technique. Measurements made with the two-terminal mi- 
crometer-electrode holder were compared with measure- 
ments using the guard-ring technique. It was found that 
both sets of measurements are essentially of equal accuracy 
when proper precautions are taken. The effect of relative 
humidity on the sample was studied using both guard-ring 
electrodes and the micrometer-electrode holder. Work has 
begun on a transformer bridge which will permit loss 
measurements with much greater resolution than can be 
achieved with the present equipment. This will allow analy- 
sis of data on very-low-loss materials. 


Table Vil—Summary of Induced Conductivi 
Results in Pre-Irradiated Insulating Materials* 


a*, | 
107" / 
ohm- Ae 


Mateiial Remarks 


Natural mica 


Corning 1723 
glass | R — Very fragile in thin sections 


Polystyrenes: —_—- 


Air-irradiated Yellow, brittle after 10* rads 

Air (50 per cent 
cross-linked) Slightly discolored after 10° 
rads 

Argon-irra- 
diated | Visibly unchanged after 10# 

rads 

Received about 10° rads in 


o* measurement 


Unirradiated 


Mica paper (0.95) 





Glass-bonded 
mica . eo (0.95) 
(0.95)| Higher background leakage 
after 10* rads 


Synthetic mica | 1.6 


Fused silica: | Very fragile in thin sections 


Irradiated | Nominally 6.4 X 10% rads 


Unirradiated |100.0 o* measurement 


Boron nitride 50-80 | 0.8 


Very fragile in thin sections 


® Temperature = 65 C. Radiation exposure 2—4 104 rads/hr of krypton-85 
beta rays. 

> o* = induced conductivity. 

© A = an exponent found to vary between 0.5 (theoretically, rapid recombination 


of ions and electrons created by radiation) and 1.0 (no recombination). 
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From the results obtained to date, the general conclu- 
sion was drawn that it is possible to prepare standard spe- 
cimens of certain materials, and expect them to exhibit 
definite dielectric properties, provided they are prepared 
with care and maintained at controlled temperatures and 
humidities. The very dry condition is probably the best 


choice for humidity; dielectric ‘properties appear to be 
most reproducible under this condition. 

A liquid-displacement test cell for dielectric constant 
and dissipation factor up to 100 me was described and its 
operation analyzed by Kenneth G. Coutlee, Bell Telephone 
Laboratories. The cell has been developed specifically for 
studies on sheet insulating materials up to 0.125 in. thick 
at frequency ranges considerably beyond the present maxi- 
mum of 1 me for this test method. 

\ feature of the test cell is a micrometer air capacitor, 
integral with the test cell which measures (1) the change 
in capacitance that occurs when a pair of test specimens is 
immersed in the liquid dielectric and (2) the width of the 
resonance curve in terms of capacitance change with the 
samples in and out of the liquid. The capacitance informa- 
tion (in connection with the known dielectric constant of 
the liquid dielectric and other constants) permits the cal- 
culation of dielectric constant and dissipation factor using 
a resonant-circuit test method. The cell can be used from 
power frequencies up to 100 me if a suitable liquid dielec- 
tric is employed and the test circuit has a capacitance of 
0.001 pf and dissipation factor sensitivity of 0.00001. 

Among other papers presented at the Conference was one 


by Herbert A. Pohl and Charles E. 


University 


Plymale, Princeton 
Plastics Laboratory. describing the “Isomotive 
Cell,” a device which employs the behavior of particles in 
a combined gravitational and non-uniform electric field to 
produce separations of materials that have different dielec- 
tric constants. The paper described recent improvements 
in the original device, particularly in the electrode design. 
Operation is as follows: physical mixtures such as sands, 
grits, or other fine particles comprised of inorganic mate- 
rials or organic polymers are passed through a pair of di- 
verging electrodes while in a tilted tray. The materials 
most susceptible to polarization are drawn to the portion 
of the tray where the field is most intense; the least suscep- 
tible materials react conversely. Continuous operation is 
obtained. Best results are obtained with the cell immersed 
in a liquid dielectric. 


The apparatus is in effect an electrical siphon, requiring 
extremely little electrical energy other than that to pro- 
duce vibratory falling of the particles through the cell. 


Cable Oils 

A group of three papers dealt with special aspects of in- 
sulating oils, primarily of interest to the cable engineer. 
The a-c loss characteristics of insulating oils during accel- 
erated oxidation tests were discussed by Frank C. Doble, 
Doble Engineering Company. A correlation between gas 
evolution in electrically stressed cable oils and other esti- 
mates of oil aromatic content was the subject of a paper 
by S. C. Bartlett, Sun Oil Company, and R. B. Blodgett, 
The Okonite Company. The gassing properties of low- 
viscosity cable oils were investigated by George Feick and 
Walter F. Olds, Arthur D. Little, Inc., and Edward D. 
Eich, Anaconda Wire and Cable Company. A simplified 
gassing test cell based on the well-known Pirelli test was 
described and experimental results for a variety of hydro- 
carbons and commercial oils were given. 

The invited J. B. Whitehead Memorial Lecture was de- 
livered by S. O. Morgan, Bell Telephone Laboratories. Its 
subject, “The Contribution of Chemists to Insulation,” was 
particularly pertinent to the field of electrical insulation 
in which both the engineering and the chemical disciplines 
are so closely interrelated. 

Some informal highlights of the round-table discussions 


OOO 


appear elsewhere in this report. 
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Highlights—Round-Table Discussion on Trends in Dielectric Properties 


1. Trend to composite structures and to composite 
compounds is strong; also, there is a strong trend to 
ceramics (see summary of discussion of round-table dis- 
cussion on high-temperature materials). 


2. As with semiconductor materials, electrical insulat- 
ing materials now face problems of a “fringe” nature. 
A material may be rated satisfactorily for 99 per cent of 
the applicable parameters, but may fail badly under one 
particular condition—for example, continuous low vollt- 
age. Still another example: a continuous internal corona 
effect may change a solid insulation to one that is largely 
in a gaseous state. 


3. Work is needed in such new materials as certain 
stereospecific polymers that exhibit high melting points, 
but still retain undesirable properties in other char- 
acteristics, 


4. Generally, the problem is not necessarily to find 
new materials per se, but to go back to the literature and 
re-examine what has already been done in the past, and 
to apply such information in the light of today’s require- 


ments and today’s research and manufacturing techniques. 


5. Commercial aspects must be realistically viewed and 
faced. The materials manufacturers cannot be expected 
to assume risks and costs of research where market poten- 
tial may be limited, no matter how critically a material 
may be needed for military applications. A 500 C mate- 
rial, for example, may be needed in relatively small vol- 
ume and would show a small profit to the producer, but 
may require extensive production equipment, expensive 
laboratory equipment for testing, plus experienced labo- 
ratory personnel—all of which are costs that the producer 
cannot support with justification. 


6. Better — and faster — communication is needed be- 
tween equipment and systems designer and the polymer 
chemist working in the materials laboratory of an equip- 
ment manufacturer or a materials producer. Changes in 
environmental requirements that are developed through 
new concepts of design or new areas of operating environ- 
ments must be communicated promptly. If this is not 
done it is unreasonable to expect a reasonably prompt 
feedback in the form of new or improved materials. 
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P-N-P-N Four-Layer Diodes 
In Switching Functions 


The unusual characteristics of these relatively new 2-terminal negative-resistance 


semiconductor devices make them useful in a variety of circuit applications rang- 


ing from pulse generators and amplifiers, oscillators and ring counters to tele- 


phone switching and computer applications such as magnetic core driving and 


memory selection. Some of these circuits are analyzed as to operating character- 


istics. 


A. W. CARLSON, Director of Research 
R. H. McCMAHON* 

TRANSISTOR APPLICATIONS, INCORPORATED 
Boston, Mass. 


NEGATIVE-RESISTANCE DIODES (NRD) are four-layer, two- 
terminal silicon switching diodes invented at Bell Tele- 
phone Laboratories, where they are still referred to as 
two-terminal p-n-p-n switches. Another name for them 
is (4-layer) transistor diodes. In germanium form, the 
same device has been called a Dynistor diode. There are 
several sources for the silicon type. 

These 4-layer diodes are classified as switches because 
they operate in either of two states: an open or high- 
impedance state of 10 to 1000 megohms and a closed 
or low-impedance state of less than 20 ohms. They are 
switched from one state to the other by controlling the 
voltage and current. Devices are presently available with 
switching voltages from 20 to 200 volts and with holding 
currents from 1 to 50 ma. Some of the present applica- 
tions of these devices include pulse generators, magnetic 
core drivers, flip-flops, ring drivers, multivibrators and 
amplifiers. 

A p-n-p-n diode usually shows a region of high positive 
resistance at low forward current to a voltage of about 
30-40 volts (depending upon the type of diode) followed 
by a region of relatively low negative resistance as the 
current is increased. When the current is raised to be- 
tween 6 to 10 ma, a region of very high negative resist+ 
ance is reached and the diode goes quickly into the 


* Mr. McMahon is now on the staff of Lincoln Laboratory, M.I.T. 
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saturated low-positive-resistance region and acts as a 
closed switch. The diode will turn off when the current 
through it is reduced below the holding current (/,). (The 
theory of operation of the p-n-p-n diode is explained by 
another author in the accompanying panel, next page.) 

The basic simplicity of the p-n-p-n diode and its unusual 
characteristics allow new circuit designs that will be illus- 
trated in the following sections. 


Core Driver 


The p-n-p-n diode exhibits excellent characteristics for 
use in core driving and other applications where the cur- 
rent pulse delivered to the load must be high and of short 
duration. A very simple circuit employing the p-n-p-n is 
shown in Fig. 1 and the characteristics of this circuit 
show many advantages. 

The input current required to trigger this circuit is only 
a few microamperes, while the output current is in the 
order of several amperes with rise time values from 10 
to 50 millimicrosec, depending upon the current level. 
With suitable passive circuit elements, the output-current 
waveshape may be tailored to obtain both a positive- and 
a negative-going current, an attribute which is highly 
useful for memory applications. The most serious dis- 
advantage of the circuit is the long recovery time asso- 
ciated with the capacitor C, and the resistor R,; it can 
be as long as 10 to 20 microsec. Some improvement of 
this recovery problem will be discussed later. 

In order to obtain uniform circuits, the p-n-p-n diode 
must be specified in terms of the breakdown voltage, 
sustaining current and other parameters. Here the ques- 
tion of manufacturing difficulties and tolerances enter. 
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For a circuit of the type shown in Fig. 1, it has been found 
that controlling the breakdown voltage to 
adequate when the breakdown voltage is in the range of 
50 volts. The sustaining current specification is set at 


re. A RS i Ah ERS ES CE BS AC SK AR SL I RE TE TR TT ET ENT TE TS 


+5 volts is 


very large 


about 10 or 15 milliamp and variations of 30 per cent 
or more are tolerable. The tolerance may be very lax, 
since the “on” current in this type of circuit is generally 
perhaps in the | to 3 amp range 


-so that 


Theory of Four-Layer, Negative-Resistance Diode 


G. SMOOT HORSLEY 
SHOCKLEY TRANSISTOR CORPORATION 
Palo Alto, Calif. 


To understand the nature of the switching 
characteristic of the 4-layer diode, the com- 
plete current-voltage characteristic, includ- 
ing the negative-resistance portions, Fig. 1, 
must be considered. (For a comprehensive 
discussion of the V-J characteristic, refer to 
the article by Moll, Tannenbaum, Goldey 
and Holonyak.*) In terms of the V-I char- 
acteristic it is found that quantities such as 
Ve, Is, Vn, and I, should be regarded as 
determined not only by the device, but also 
by the constants of the test circuit. For 
most practical purposes, however, the de- 
pendence on the test circuit is unimportant. 
Typical values for the five important para- 
meters of the devices produced at the 
Shockley Transistor Corporation are shown 
in the table herewith. 

A typical load line will have three inter- 
sections with the V-J characteristic [(1), 
(2) and (3) in Fig. 1). The two outer 
intersections are stable; the middle one 
(2) is unstable. If the supply voltage is 
raised from zero until it exceeds the break- 
down voltage V» and the load line is 
tangent to the characteristic at V», I», the 
device will make a transition from (1) to 
(3). If the voltage is then lowered until 
the load line is tangent near the “holding” 
point Vy, J,, there will be a transition back 
to intersection (1). Condition (1) is re- 


*J. L. Moll, M. Tannenbaum, J. M. Goldey, and 
N. Holonyak, all of Bell Telephone Laboratories, 
in Proceedings IRE, Vol. 44, p 1174, September 


1956 


ferred to as “open” or “off” and condition 
(3) as “closed” or “on”. 

For load lines of a few thousand ohms 
and applied voltage of 20 volts or more, the 
difference in current between conditions 
(1) and (3) will be very large. For ex- 
ample, J» may be as small as 0.005 ma, so 
that the current in condition (1) may be 
less than 1.0 wamp. On the other hand, 
V, and I, may be only 1 volt at 5 ma, 
resistance 
only 1 ohm. Thus, in condition (3), the 


respectively, and the holding 
drop across the diode is very small com- 
pared to that in the load resistor. Thus, in 
both condition (1) and condition (2), the 
diode consumes very much less power than 
is available to the load. In fact, circuits 
have been made in which 4-layer diodes 
control 5 to 10 watts in a load while dis- 
sipating less than 0.1 watt themselves. 
There are two widely differing ap 
proaches used to describe the action of the 
V-I characteristics of silicon 4-layer diodes. 
One uses the atomic point of view and 
semiconductor theory to describe the proc- 
important tran- 


esses. Two particularly 


sistor properties which play cooperative 
roles in the phenomena are: the increase 
in alpha (short-circuit current gain) of 
silicon transistors with increasing current 
and the phenomenon of avalanche multi- 
plication in reverse biased junction in 
silicon. 

The second approach uses an equivalent 
circuit to relate the characteristics of the 
4-layer diode to the conjugate transistor 
switching circuit (covered by the Shock- 
ley patent No. 2,655,609 assigned to Bell 
Telephone Laboratories.) 


The conjugate transistor switching cir- 


Typical Parameter Values for Four-Layer Diodes* 


Parameter 


Breakdown voltage, Vs 
Breakdown current, J 
Holding voltage, Va 


Holding current, Jy 
(also called valley-point current, J,) 


“On” resistance, Ry 


* As manufactured by Shockley Transistor Corp. 
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Typical value 


Range or limit 


50 volts 20-200 volts 
10 wamp 


0.8 volts 


max 200 vamp 
max 1.0 volts 


15 ma three standard ranges: 


1-5, 5-20, 20-45 ma 


5 ohms max 7 ohms 


cuit, Fig. 2a, consists of two conjugate 
transistors, one n-p-n and one p-n-p, and 
an avalanche diode poled in the same direc- 
tion as the two collector junctions across 
resistances 
shunt the emitter junction of the tran- 
forward biases across 


which it is connected. Two 


sistors. For small 
these emitter junctions, the junction im- 
pedances are high compared to the te- 
sistors. Consequently, each emitter with 
its shunting resistor has an injection efh- 
ciency which is low for low forward cur- 
rents. As a result, the alpha of the tran- 
sistor is also low for low forward currents. 

On the other hand, when a large forward 
bias voltage is applied across either emitter 
junction, the forward current increases 
exponentially with voltage and the junction 
impedance drops. Thus, a_ progressively 
larger fraction of the current flows in the 
transistor so that the transistor-resistor 
combination finally acquires an alpha es- 
sentially equal to that of the transistor 
Thus the 


bination will have an effective alpha which 


alone. transistor-resistor com- 
varies from a value of a few tenths or less 
to a value of 0.7 or more. As we shall see, 
an alpha value of 0.5 is in a sense critical 
since the condition separating the open 
from the closed condition for the composite 
structure corresponds to the sum of the 
alphas for the two transistors being equal 
to 1.0, a condition which can be achieved 
by having the alpha for each transistor 
become equal to 0.5. 

Let us apply a voltage to the circuit of 
Fig. 2a so that the two collector junctions 
and the avalanche diode are effectively 
saturated. Let us next apply, an additional 
voltage source to the base connection of 
the n-p-n transistor to furnish a small cur- 
rent to the base. This current will be 
multiplied by the factor a,/ (1—a,). It 
will appear at the collector of the first 
transistor and will be fed into the base of 
the second transistor. By a similar process, 
it will be multiplied in the second tran- 
sistor by the corresponding factor involv- 
ing a, and this current will in turn be fed 
back into the base of the first transistor. 
If the current resulting from this gain 
around the loop is greater than the current 
put in initially, the circuit will be unstable 
and the current will build up indefinitely. 
If there is a series resistance in the ex- 


ELECTRICAL MANUFACTURING 





during turn-off the sustaining current is not an important 
factor. 

In general, circuit operation may be described in the 
following manner. The p-n-p-n diodes are normally in 


several 





Fig. 1 — Current-voltage characteristic for a 4-layer p-n-p-n tran- Fig. 2 


sistor diode, 


ternal circuit, the voltage will drop to such 
a small value that the collector junctions 
are no longer saturated. 

The critical condition that the current 
gain around the loop be greater than 1.0 
is that 

a, a,/ (1—a, 
which is equivalent to 
a,+a,>l1 


From this expression it is seen that a shift 


a,)>1] 


from the open condition to the closed con- 
dition is fundamentally dependent upon an 
increase in alpha with increasing current 
through the transistors. 

The current causing the transition from 
one condition to the other is avalanche 
current in the avalanche diode connected 
as shown in Fig. 2a. As the voltage ap- 
proaches the avalanche voltage of this 
diode, the diode will produce a current 
which increases rapidly with voltage. If 
this current biases the two emitter junc- 
tions sufficiently forward so that the sum 
of the two alphas is equal to unity, then 
the current will spontaneously increase 
without limit unless some series resistances 
prevent it. Once the current is sufficiently 
large to maintain the two junctions in a 
condition such that a, + a, is equal to or 
greater than unity, then an increase in 
voltage across the device causes the cur- 
rent to increase as it would in a forward- 
biased diode. This conclusion is reached as 
follows: 

Under the closed condition the theory of 
junction transistors shows that the flow of 
electrons between emitter and collector in 
the second transistor is sufficiently effective 
to cause not only the emitter but also the 
collector junctions to be biased forward. 
This is the reason that the device shows 
characteristics similar to a forward-biased 
single-junction diode when in the closed 
condition. 
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the “off” condition with an off impedance as high as 
megohms. 
charged to the supply voltage V, and remains charged 
until an input pulse is applied at capacitor C,. The voltage 


The capacitor C, then becomes 


Space. charge 
: 
4 recombination 
Avalanche 
junction 





) 


switching circuit. 


All of the essential features discussed in 
connection with the conjugate transistor 
switching circuit are simultaneously pre- 
sent in the 4-layer silicon diode. In the 
first place, the middle junction is designed 
so that it undergoes avalanche multiplica- 
tion at the desired breakdown or switching 
voltage. The proper variation of alpha for 
the two emitter junctions is a natural con- 
sequence of using silicon p-n junctions. 
As schematically represented in Fig. 2b, 
there are, in effect, 
across the emitter junctions. It is now 


shunting resistors 
believed that the origin of this shunting 
effect can be understood in terms of the 
characteristics of recombination and gene- 
ration of hole electron pairs in silicon. 
This subject has been investigated and 
published.t 

The essential feature of the explanation 
is as follows: the built-in voltage drop in 
a silicon p-n junction is 0.3 or 0.4 volt 
larger than in germanium because silicon 
has a larger energy gap between the con- 
duction and the valence bands. For this 
reason, injected currents, such as are 
ordinarily considered in the theory of p-n 
junctions, are smaller in silicon than they 
are in germanium unless forward biases 
0.3 or 0.4 volt larger are applied. Thus, at 
conditions of low forward bias, the injected 
currents are correspondingly — smaller. 
Hence, it is necessary to consider in silicon 
a current which is relatively unimportant 
in germanium; this ordinarily neglected 
current is the forward current which re- 
sults from recombination of holes and 
electrons in the transition region of the 
junction (where it changes from p-type 


to n-type). In this region the density of 


+ C. T. Sah, R. N. Noyce, and W. Shockley, Bulle 
tin of the American Physical Society, U, Vol. I, 
No. 8, H9, p 382, December 27, 1956. 


Four-layer diode compared with conjugate transistor 


the density of electrons are 
much larger than they are as minority 


holes and 


carriers in the two regions either side of 
the junction. Consequently, when forward 
bias is applied, the recombination current 
in the transition region is larger than the 
minority carrier current injected into the 
base layer. This rate of recombination in 
the transition region is proportional to the 
hole density or to the electron density, 
whichever is the smaller. These densities 
in the middle of the transition region in- 
crease exponentially with applied voltage 
but only about one-half as fast as the mi- 
nority carrier current injected into the 
base. Consequently, as the applied voltage 
is increased across the junction, emphasis 
shifts from recombination in the transition 
region to injection of minority carriers into 
the base layer. It is this shift which causes 
the alpha of a silicon transistor to increase 
with increasing current. 

It is thus evident that the effect of the 
shunting resistors of Fig. 2a is automati- 
cally performed by the recombination cen- 
ters in the silicon transistor. Hence, all the 
essential features of the composite struc- 
ture are contained in one unit in the 4- 
layer diode. However, the fact that the 
current in the two transistors is not multi- 
plied at the collector junction causes the 
detailed shape of the V-I characteristic to 
be somewhat different. 

In addition to the obvious advantage of 
size and complexity, a major advantage of 
the 4-layer structure compared to the con- 
jugate transistor pair is that no separate 
base connection is required. Hence, limi- 
tations due to base resistance are removed. 
A potential for very high power and high 
switching speed thus exists. The advan- 
tages of the 4-layer diode are rapidly being 
recognized and utilized by many circuit 


designers. 
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Fig. 1 — Single p-n-p-n diode in pulse driver circuit. 


impressed across the p-n-p-n by this pulse and the C, 
capacitor charge is sufficient to exceed the breakdown 
voltage of the p-n-p-n, causing it to enter the negative- 
resistance region and turn “on”. Turn-on is very rapid 
and the capacitor is discharged through the p-n-p-n into 
the load R.. The current is limited only by the series 
resistances (which are very small) and the load resistance. 
Inductors L, and L. are used to shape the current pulse. 
The series inductor will slow down the rise time and 
widen the current pulse while the parallel inductor aids 
in providing a negative-going current for memory appli- 
cations. 

The choice of circuit values is usually determined by 
trial and error, although a recent mathematical analysis 
does aid. Since the circuit is to operate in a monostable 
fashion, resistor R, is chosen such that its equivalent 
load line does not intersect with the “on” region. For 
example, for a 50-volt p-n-p-n breakdown voltage and 
with 40 volts supply voltage, resistor R, should be 4k 
or greater if the sustaining current is 10 ma. Capacitor 
C, has a minimum value below which the circuit will 
not have proper regenerative properties; it is in the range 
of 200 to 400 pf. A value of C, in the range of 2000 pf 
and with other appropriate circuit values will provide a 
load current in the range of 1 to 3 amp. For a slight 
deterioration of rise time and an overshoot current of 
about half value, the series inductor should be set at 
about 5 microhenries. The parallel inductor for half- 
amplitude overshoot is set at about 3 microhenries. For 
a current level of 1 to 3 amp, the total series resistance 
and load resistance should not exceed 10 to 20 ohms. The 
conventional diode shown in the circuit is used to prevent 
the shorting of the input trigger pulse to the low-imped- 
ance load and is not a critical part of the circuit. 

An improved driver circuit is shown in Fig. 2 in 
which two p-n-p-n diodes are in series and the trigger 
input is located between them. This circuit arrangement 
improves the margins and rise time of the circuit and 


oe 
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Series p-n-p-n diode driver circuit. 


V= +8 


reduces the tolerance required of the p-n-p-n diodes. The 
supply voltage may be increased in this case since the 
effective breakdown voltage is twice the normal break- 
down voltage of each unit. An extension of this circuit 
with many p-n-p-n diodes in series has been used to obtain 
very large currents with very fast rise times for use in 
radar modulator systems and other high-level applications. 
The same general relations hold for the other circuit 
elements as were indicated in the original circuit. 

One of the factors that causes some difficulty with 
either the circuit in Fig. 1 or in Fig. 2 is the tendency 
for the a-c breakdown voltage to be somewhat different 
from the d-c breakdown voltage. The effect of this differ- 
ence is such that the input pulse rise time must be con- 
trolled so that the a-c breakdown voltage is close to the 
d-c breakdown. The geometry of the p-n-p-n diode has 
an effect on this a-c breakdown value and recent diodes 
tend not to exhibit this phenomenon. 

The recovery-time problem previously referred to may 
be improved somewhat so that fast repetition rates are 
possible by using a series of the circuits of Fig. 1 in a 
ring driver fashion. If the basic recovery time of each 
circuit is no greater than 10 microsec, a repetition rate 
of 1 me would be possible by using 10 of these basic 
circuits. The general simplicity of the basic circuit is 
such that this approach is not unreasonable. In one such 
ring circuit built, one stage triggers the next, but the 
inherent delay in each circuit is different so that timing 
problems can exist. In a second ring circuit built, a 
parallel type of triggering input was used and the uni- 
formity of the outputs was satisfactory. 

A more sophisticated approach to solving the recovery 
problems of the driver circuit is shown in Fig. 3. In this 
circuit, the collector of transistor Q, is at ground potential 


so that no voltage exists across the p-n-p-n diodes until 
an input occurs at the base of the transistor. At the time 
of the input the collector voltage drops negatively in a 
manner such that the diodes do not receive sufficient 
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voltage to break down. The high impedance in the col- 
lector circuit with the diodes open results in the very 
rapid saturation of the transistor. This saturated current 
is available for the load when the p-n-p-n diodes are al- 
lowed to turn on. A separate input trigger pulse to the 
4-layer diodes as shown is positioned in time so that the 
transistor has saturated fully before the diodes are allowed 
to break down. As this saturated current is switched to 
the load, the collector voltage rises very rapidly toward 
ground potential so that the circuit recovers in a very 
fast manner and is ready for the next input pulse. Obvi- 
ously, a high-frequency transistor is necessary with good 
power capabilities. The Transitron 545 series in most 
cases meets the requirements and may be used success- 
fully at rates of about a megacycle with a current output 
of about an ampere. One notable advantage of this cir- 
cuit is that the voltages across the p-n-p-n diodes is zero 
at all times except during the time of the input to the 
transistor. 

The selection system in computer memory applications 
is another excellent application for p-n-p-n units. The 
actual address selection part of the memory is a problem 
area that has never been satisfactorily solved. The unique 
characteristics of the 4-layer diode seem to lend them- 
selves to new selection schemes which should display 
great simplicity. 


P-N-P-N Ring Counter 


The flip-flop of Fig. 4 forms the basis of the ring 
counter, Fig. 5, which operates such that only one of the 
p-n-p-n diodes is conducting at any time. When a negative 
trigger pulse is applied, the p-n-p-n diode (labeled NRD 
in the diagrams) following the one that was previously 
“on” is turned on. For example, if NRD, in Fig. 5 is 
conducting, the voltage across it is only slightly positive 
and the diode CRG, is only slightly reverse biased. The 


voltage across the remaining p-n-p-n diodes is approxi- 
mately V, (neglecting the effect of resistor Ry) and 
consequently, diodes CRG, and CRG, have considerable 
reverse bias. The negative trigger pulse then passes 
through CG, and CRG, to reverse bias diode CR, in series 
with NRD., increasing the voltage across the latter be- 
yond its peak voltage and causing it to conduct. The 
current from source V, and R, is diverted from NRD, 
to NRD., turning off the former and allowing NRD, to 
remain in conduction. The next trigger pulse transfers 
the conducting state to NRD,. In this manner each trigger 
pulse transfers the conducting state position along the 
ring. 

Each stage of the ring is connected to the one preceed- 
ing (or the one following) by a capacitor, C,, which 
serves to speed up the “turn on” transient of the p-n-p-n 


y, 


Fig. 3 — Use of transistor input to p-n-p-n diode driver circuit 
to improve recovery time. 














] Negotive trigger pulse 


Fig. 4— Basic p-n-p-n diode flip-flop cir- 
cuit. 
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Negative trigger 
pulses 


Fig. 5—Ring-of-three counter using p-n-p-n or negative-resistance diodes (NRD). 





diode being triggered on and to aid in turning off the 
one that was conducting previously. 
Such a ring counter, in which only one of the counter 


stages is in conduction, has one principal advantage over 
the type consisting of a cascade of binary elements: with 
the latter it is possible for more than one of the binary 


elements to be “on 

In the ring counter of Fig. 5, the principal source of 
current for the conducting p-n-p-n diode is V. and re- 
sistor R,. The main purpose of the R,, resistors is to main- 
tain a voltage less than the peak voltage across the non- 
conducting NRD’s. With this arrangement, only one re- 
sistor (R,) is required to carry a large current and 
consequently the more numerous R,, resistors may have 
a lower power rating compared to what would be required 
if each such resistor were to carry the total current neces- 
sary to saturate its associated p-n-p-n diode. The require- 
ments of the circuit place a lower limit on R,; an upper 
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Fig. 6 — Output waveforms in ring-of-three counter using p-n-p-n 
diodes. Vertical seale, 20 volts per em; horizontal scale, 1 mili- 
sec per cm. 
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Fig. 7 Transistor-diode 
(p-n-p-n) multivibrator and 
equivalent circuits for two 
states. 


limit is imposed by the back resistance of the p-n-p-n and 
conventional diodes in the circuit. This advantage be- 
comes more important as the number of stages of the 


counter is increased. 


Circuit-Design Factors 


The following five inequalities form the basis of design 
of the ring counter: 


V; Rr, , r 
Ri + Rx <7 “i 


» min iS the peak or breakdown voltage of the 
p-n-p-n diode having the lowest peak voltage. Inequality 
1) insures that the voltage at the “off” diodes is less 


where IV, 


than the peak voltage. 
a 
Rr - 2Rx 
, is the valley-point or holding current (cur- 
rent where saturation commences) of the p-n-p-n diode 
having the lowest such current. Inequality (2) provides 
that source V, cannot yield a load line intersecting a 


lesain (2) 


where i 


supposedly “off diode in the saturated region and thus 


make possible two diodes “on” together. 


V; Ve . 
fy max (a + Rx * x) (3) 


‘ax is the largest valley-point current of the 
p-n-p-n diodes in the ring. Inequality (3) provides that 
)’, and lV’, supply enough current to saturate the transistor 
diode having the largest valley-point current. 

2V; Vs 
Ri +2Rx R, 


Inequality (4) eliminates the possibilities of combined 


where /,, 


21. ein (4) 


sources V, and V. placing two diodes into conduction 
under the worst conditions. 


Rr fT Vi 6 
ty + : io ‘ 
( f P \ ) > R [ J ie 4 Pp max ] ©) 


where \ is the number of stages in the ring and V5 max 
is the peak voltage of the diode having the highest peak 
voltage. Inequality (5) insures that any of the p-n-p-n 
diodes in the ring can be placed into conduction without 
trigger pulses being present. When the power is supplied, 
one of the diodes will conduct. 

In obtaining the relationships above, it has been as- 
sumed that the voltage drops in the conducting condition 
are negligibly small relative to peak and bias voltages. 
For Ry 0, Inequality (5) gives 


Vou Vi 
tp > NR,| 
“ . 7 | 


From Inequality (1), V’, is less than V,; therefore, under 
the conditions stated, R, will increase in proportion to 
the number of stages. The addition of resistor Ry allows 
R,, to be fixed at the value found satisfactory in a flip- 
flop in which R, 0 and N = 2. 

If a satisfactory flip-flop design is obtained for Ry = 0 
and a ring counter is to be constructed having the same 
values of R,, R,, V; and V,, then the value of Ry may 
be determined from 


N-2 
Rx - (5 ym (6) 


lor very large rings, Ry approaches R,/2, and if the 
same value of V, is used in the ring counter as in the 
flip-flop upon which the ring has been based, the output 
voltage swing will be 
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, 4 2N as 
Vous =.( sys ) Mi (7) 


For very large rings the output will approach a minimum 
of two-thirds the output voltage swing of the flip-flop. 

It is not necessary to have the output voltage drop— 
this takes place if the same V, as used in the flip-flop 
is used for the ring and is due to the voltage drop in Ry. 
Actually, the voltage V, in the ring may be increased by 
the reciprocal of the factor 2N/(3N — 2) in Eq (7) 
above to make the output voltage swing the same in the 
ring as in the flip-flop. For the flip-flop, V, is determined 
from Inequality (1) with Ry zero. For the ring, V, may 
be greater by (R, + Rx)/Rx than V, for the flip-flop. 
If V, for the ring is increased to maintain the same out- 
put voltage as in the flip-flop, Ry as determined from Eq 
(6) will be somewhat larger than necessary for the same 
tolerances used in the flip-flop design but might be re- 
tained, as it lies on the side of greater safety margin. 

Output-voltage waveforms in a ring of 3 using Shock- 
ley 4N50D 4-layer diodes are shown in Fig. 6. In the cir- 
cuit (Fig. 5) the following values were used: 

V, = 30 volts Rg = 27 k ohms 

V2. = 65 volts Cy 68 pf 

R, = 3.3 k ohms Ce = 250 pf 

R, = 3.5 k ohms R. =0 
All other diodes are type 1N67A. In Fig. 6, the oscillo- 
scope was synchronized on one of the outputs to indicate 
shifting of the conducting state with each count pulse. 


Transistor P-N-P-N Diode Multivibrator 

A negative-resistance p-n-p-n diode can be combined 
with a transistor in a multivibrator circuit, Fig. 7. For 
free-running operation the transistor is biased to place 
the diode’s operating point (in the absence of capacitor 
C) in the negative-resistance region (Vgg > Vp). 

The circuit operates as follows: when the diode con- 
ducts, the base of the transistor is driven negative, in- 
creasing the collector current to place the diode’s oper- 
ating point in the saturated region. Capacitor C com- 
mences to charge toward the difference between —V ov 
and the base bias voltage, reducing the base drive and 
causing the current to the diode to decrease with time. 
The diode remains in conduction until the current J, 
drops below /,, the valley-point current, at which time 
it is turned off. Figure 7(a) is the approximated equiva- 
lent circuit applying when the diode is saturated. 

When the diode is cut off, the capacitor has a nega- 
tive charge which is removed in a linear manner as 
shown by the equivalent circuit of Fig. 7(b). When the 
capacitor has been discharged enough to bring the volt- 
age across the diode to the peak point, the diode conducts 
and cycle repeats. When the diode conducts, the capacitor 
voltage goes negative exponentially; when the diode is 
cut off, the capacitor voltage rises linearly. 

In the equivalent circuits, it is assumed that the voltage 
drop across the conducting diode is negligible and that 
the cut-off diode is an open circuit. The transistor 
base and emitter resistances are assumed to be small 
enough to be neglected, and the transistor collector re- 
sistance is assumed large enough to be considered an 
open circuit. From the equivalent circuit of Fig. 7(a), 
the capacitor voltage during the time that the diode is 
conducting is found to be 


l= r = oF f ~s/RC 
V.--[Ve- x + 7 Veo} a —e ) Veo + Vp, (8) 
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Fig. 8— Sketches of waveforms in transistor-diode (p-n-p-n) 
multivibrator circuit (Fig. 7). 


{ V Collector voltage 


t V Emitter voltage 
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Fig. 9 — Oscilloscope waveforms in transistor-diode (p-n-p-n) 
multivibrator circuit (Fig. 7). Vertical scale, 10 volts per cm; 
horizontal, 20 millisec per em. 





where 

, ‘al — and i. #7 

RY ~R*@+DR2 ~ RR" 
V, is the peak voltage of the diode and ¢ is measured 
from the time the diode starts conducting. The diode 
remains in conduction until J/g (= 1, — C dV./dt) drops 
below /,, the valley-point current. 


coll oy Yee: Pre) 
© Ba \ BR’ +RJ “\R" Rs 


Vex 
‘ R¢ « 
(¥ ae) ) 


The first term in Eq (9) is the diode bias current which 
would flow if the capacitor were removed from the cir- 
cuit and toward which the I, is heading. 

If the diode is not to remain in the conducting state, 
then 

Ri’ Vee ) 
< ly 10 
RY! +R I asad 
Also it is necessary 6 the initial diode current exceed 
ly, leading to 
(11) 
| smo 

The time, 7, that the diode is in conduction is obtained 

by setting 7, in Eq (9) equal to /; and oe for 7). 


Ga “\(¥ ‘Vee )) 
| = Re i +R 


Ty Be vec.) 
y  Re\ Ri’ +R, 


In writing Eqs (8) to (12) it has been assumed that 


Re’ Vec x 
R, + Re’ 


RC In (12) 


V, 


Re Ry Re 
If this it not the case, V, in the above equations should be 


replaced by Vs + Ri Veo/(Re’ -{- R,). lf Rz/a<«R, 


( y, _ Be Vee )| 
a P = 
T, = RC\n| —\—— ae - | (13) 
| : a b ce 
me Re Ry +R 


Substituting 7, from Eq (12) into Eq (8) gives the 
voltage across the capacitor at the time the diode is 


turned off. 
1 Rs’ Vee } 
(1 | ) 
; t~R, +R, 
Vee — A 7 = (14) 
Rs "eo 
When the NRD is — off, the equivalent circuit 
| Fig. 7(b) | applies. The capacitor is charged by current 
source al, in a linear way and the voltage Vg across it 
during the time when the diode is cut off is given by 


Vee aRg 
Re’ 7a) ( ae oo 
For R, > R,z’, R, > E/a, 


Ry, >Rz, and 1, >Vo¢/Ri, Eq (15) 


may be approximated as follows: 


‘ ‘ IvR ; l 
Ve~ -[ Veo - ete | +0Vee (a) (16) 


The diode goes into conduction when the voltage across 
it exceeds V,. This happens when 


--[E xpression (1 | v 


, R, 
Vo 20V, (x t ma) (17) 


The voltage across the capacitor can not rise above 
zero (in the simplified representation of the transistor 
in which the internal base resistance is neglected) be- 
cause the transistor will saturate. Meeting Inequality (17) 


with V, negative requires that 


Rx’ r 
> (AE) v (18) 


Inequality (18) must be met in order for the circuit 
to operate as a free-running multivibrator. Reversing 
the inequality sign in (18) gives a necessary condition 
for a one-shot or triggered multivibrator. 

The time 7. that the diode is cut off is given by 


R,) Re Rk’ Vcc 


C(Re' y. — Re’ Veo _ 
|"? ~ (i+ Re) 


Ny a Ry’ Vee 


rl L 7 R,’ Ve Cc o 
"R@+R) 
a , 1 


Re a; 


(19) 


Re, then R, > Rpe/a, Ry > Rez, and I, 


on [ ve - V, Fe R; a | (20) 


Waveforms of the multivibrator circuit are sketched in 
Fig. 8. 

Oscilloscope waveforms in the circuit of Fig. 7 are 
shown in Fig. 9. In this circuit the p-n-p-n diode used 
had V, 36 volts, [, 14 ma. The following resistance 

alee were used: R, = 220k, R, = 28k, Rg = 1.2k. Veo 
was 42 volts and C was 1 »f. A GT122 transistor was used. 
The diode was shunted with a 250 pf capacitor to speed 
up switching. With C disconnected, the base voltage was 
found to be 4.3 volts and from this value R,’ is calculated 
to be 25 k and R to be 22.5 k. Using the approximation 
of Eq (13) and assuming an alpha of unity gives 7, 
21.4 millisec. These values check quite well with the 
times observed in Fig. 9. 

The transistor-diode multivibrator would appear to be 
quite useful. Large pulses are available at the emitter 
and a linear ramp is available at the collector and across 
the capacitor. The duration of the ramp and its slope 
may be made very nearly proportional to resistance R,, 
thus providing a means of converting a resistance meas- 
urement to a measurement of time. 

Besides the free-running mode of operation just de- 
scribed, it is also possible to operate the circuit in a one- 


shot or triggered mode. O00 


Acknowledgment 

Material in this article resulted from work sponsored by Air 
Force Contract AF19(604)-3066 monitored by the Solid State 
Branch of the Electronics Research Directorate, Air Force Cam- 
bridge Research Center, Air Research and Development Com- 
mand, United States Air Force, Bedford, Mass. 

Some of these circuits will appear in the forthcoming Navy 
Selected Semiconductor Circuits Handbook being prepared by 
Transistor Applications, Inc., for the Bureau of Ships. 


THIS ARTICLE Just put a 
e Reader Inquiry Service 
r copy. 


ELECTRICAL MANUFACTURING 





Design Techniques 
For Static Inverters 


The conversion of d-c power to a-c has 
always been one of the principal problems 
to be solved in the design of an aircraft 
electrical system. Recent developments in 
semi-conductors now permit the design of 
static inverters which solve many of these 
problems — particularly with regard to 
space, weight and efficiency. The tech- 
niques used in the design of semiconductor 
inverters are constantly changing, but the 
field has developed to the point where a 


constructive appraisal can now be made. 


ALBERT A, SORENSEN 

Research and Development Division 
Space TecHNoLocy Lasporatories, INc. 
Los Angeles, California 


THE STATIC INVERTER is a device which produces alter- 
nating current from direct current without an operational 
dependence on relative mechanical motion (rotating, vi- 
brating, etc.) between component parts. Only static in- 
verters utilizing semiconductors as power-handling com- 
ponents will be considered here. For example, thyratron 
inverters, which are relatively unsuited for application to 
missiles or aircraft, are excluded. Semiconductor static 
inverters are promising in a number of important respects, 
such as efficiency, weight, size, voltage regulation, fre- 
quency regulation, and reliability. 
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For missile or aircraft power-system applications, re- 
quirements for static inverters must be considered in 
terms of total weight, effectiveness and reliability. The 
important limiting requirements for a typical power 
supply are: 

500 to 1500 va, 1000 va nomi- 
nal 

115/200 volts rms, 3 phase 
+5 per cent 

400 cps +0.01 per cent 

3 per cent maximum 

Maximum variation of 0.2 

75 per cent minimum 

24 to 30 volts d-c 

120 + 2 deg 

—35 to +71 C 


Output power 
Output voltage 


Output frequency 

Output harmonic distortion 
Power factor range 
Efficiency 

Input voltage 

Output phase angle 
Temperature range 

The power supply should have overload protection, be 
able to withstand environmental conditions, and weigh 
less than 20 lb/kva. Other requirements are usually less 
severe than those listed. 

Semiconductor Circuit Types. There are three. pos- 
sible modes of operation for the transistors and other 
solid-state devices used in the static inverter. These are 
designated Class A, Class B and “switched”. 

For Class A operation, the load must be chosen so that 
dissipation in excess of the rated maximum cannot be 
experienced. In addition, the operating point must be in 
the linear region for minimum harmonic distortion. The 
power that may be produced is slight since the maximum 
efficiency is about 20 per cent. This type of operation 
is never practical for static inverters. 

In Class B operation, two semiconductor devices are 
used, each conducting during one half cycle. In this way, 
the static inverter operates at efficiencies ranging up to 70 
per cent. Early in the history of static inverter develop- 
ment, Class B operation was common, but today it is 
seldom seen. 

With switched operation, 75 per cent minimum effi- 
ciency can be obtained for high-power static inverters. 
In this type of operation, the semiconductor device is 
switched repetitively from the saturated (high current, 
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Fig. 1—Block diagram of a single-phase static inverter. 


low voltage) condition to the cut-off (high voltage, low 
current) condition. Switching is accomplished very 
rapidly through the intermediate, high-dissipation region. 
The average power dissipated is very small compared 
to the total power switched. The efficiency of each semi- 
conductor switch may run as high as 98 per cent. 

The first high-power semiconductor devices were ger- 
manium power transistors having a high efficiency char- 
acterized by a low saturation resistance. The Delco 2N174 
series and the Honeywell H-10 series are examples of 
this type and similar units have been developed by other 
manufacturers. Low-saturation-resistance units will con- 
duct 10 to 15 amp each but are restricted by low maximum 
voltages (60 to 100) and low maximum operating tem- 
peratures (70 to LOO C). The exact restrictive voltage 
and temperature depend, to a great extent, upon the 
circuit used. Low saturation resistance transistors, having 
a current rating up to 100 amp, are now in the design 
stage and will be available soon. 

The silicon controlled rectifier (such as GE’s ZJ39) 
has about the same load capabilities as the devices dis- 
cussed above. It will switch faster and operate up to 
160 C, but it has a higher saturation resistance. Another 
disadvantage is that it can be turned on by its gate but 
not off. Thus it operates much as a thyratron, though its 
associated circuitry may become more complicated than 
that of the thyratron. 


Fig. 3—Improved self-oscillating inverter. 











Fig. 2—Self-oscillating static inverter. 


Few silicon power transistors have been available to 
date; those available have been characterized by such 
high saturation resistance as to render them inefficient 
for use in static inverters. The advent of new high-purity 
silicon, however, will make available silicon power tran- 
sistors which will have efficiencies comparable to germa- 
nium power transistors. They will also have maximum 
voltage ratings up to 400 volts and will operate at tem- 
peratures up to 160 C. 

Since most work in static inverters has been done with 
germanium power transistors, they will be the devices 
used primarily in the circuits described in this article. 

General Approach. Although exceptions will be 
noted in the subsequent discussion, most static inverters 
are composed of a number of subcircuits. The design 
of each subcircuit is dependent, of course, on the other 
subcircuits used. Nevertheless, to facilitate the organiza- 
tion and visualization of the complete system, each sub- 
circuit will be discussed as a separate unit. 

Basically, all switched static inverters consist of the 
subcircuits indicated by solid lines in Fig. 1, in which a 
single-phase system is shown. The system consists of four 
subcircuits: an oscillator, a driver, a power stage, and a 
filter. Refinements consist of adding various control feed- 
back circuits. 

Self-Oscillating Inverter. The simplest of all static 
inverters is the self-oscillating circuit which actually con- 
tains, in a single circuit, three of the subcircuit elements 
(oscillator, driver and power stage). A self-oscillating 
static inverter without regulation or filtering is shown 
in Fig. 2. The original version of this circuit is attributed 
to Uchrin and Royer. 

The two transistors are connected in a push-pull ar- 
rangement with a saturable transformer, one winding 
of which provides positive feedback to the bases of the 
push-pull pair. The transformer saturates alternately in 
each direction, thus reducing the loop gain to less than 
one and resulting in a reversal of the side conducting. 
The output is a square wave whose nominal frequency is 
determined by the transformer characteristics. The exact 
frequency is also directly proportional to input voltage 
and is somewhat dependent on load. There is, of course, 
very little voltage regulation. 

An improved circuit of the self-oscillating type is shown 
in Fig. 3, where two transformers are used, one saturable 
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and the other not. Transformer T, may be very small and 
T, may be very efficient. Resistor R, controls the amount 
of feedback. This circuit also imposes much lower tran- 
sients on the transistors. The transformer design is less 
critical and the total circuit is more efficient. The circuit 
in Fig. 3 may be improved further by adding another 
winding to T, and shorting a back-to-back pair of Zener 
diodes across this winding. Frequency regulation then 
becomes dependent on the breakdown stability of the 
Zener diodes and regulation of 1% of 1 per cent is possible. 
In the self-oscillating circuits of Figs. 2 and 3, some 
type of filter is usually necessary unless the square-wave 
a-c is acceptable as it is. Often the output is rectified 
and filtered, making the circuit a highly efficient d-c-to-d-c 
converter. In this case, the frequency is normally made 
high for ease in filtering. 
There are two techuiques 
lation in a simpie self-oe- Uletis verter. Both are a form 
more than 70 per cent 
es magnetic amplifiers in the 
~eries line transistors 


for achieving voltage regu- 
of series regulator and «i 

efficient. One method uses <¢ 
a-c output and the other invelves 
in the d-c input. Both of these circuits will be discussed 
in a succeeding section. A new input regulator, called a 
booster, might prove to be the most efficient regulator 
for this type of circuit and will also be discussed later. 

Self-oscillating inverters were the first types considered 
and there are many examples still in use. In general, they 
are not easily regulated or filtered and their design has 
been discontinued. However, some improved static in- 
verters of recent design use elements of the same 
technique. 

Feedback. Before considering the basic subcircuits 
of an inverter in detail, it is well to consider the various 
kinds of feedback that may be used to stabilize and im- 
prove the operation of the system. It is possible to have 
as many as three different types of feedback in a static 
inverter: voltage, current and phase. They will be defined 
and explained here and their exact circuitry and applica- 
tion to inverters will be given later. 

Voltage feedback provides regulation of the a-c output 
voltage for changes in input d-c and load. Normally, 
the a-c output is detected and rectified to provide a d-c 
voltage. The latter is then compared with a Zener refer- 
ence diode and the difference between the two is fed 
back to the driver or power stage to maintain control. 
The detection of the output may be by root-mean-square, 
average, or peak sensing and may occur either before or 
after the filter. The largest variations in inverter design 
arise from the exact manner in which the d-e error regu- 
lates the output. Many possible techniques and circuits 
will be discussed later. 

In a three-phase inverter either combined or single- 
phase voltage feedback may be used. In some systems, 
a three-phase detector is used and the same feedback 
error signal is applied to all three phases. If large load 
and/or power factor unbalances are expected, however, 
it is better to regulate the system as though it were three 
separate single-phase inverters. 

Current feedback provides overload protection for the 
static inverter and may be either of two types. In the 
first type, current in excess of a maximum results in shut- 
down of the inverter by cutting off the voltage output. 
The second type of current feedback causes the inverter 
to act like a constant-current generator for load currents 
in excess of a maximum. This protects the unit and often 
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maintains proper operation during transitory overloads. 
In general, the second method is better than the first, 
although it is somewhat more difficult to achieve. Nor- 
mally a current feedback is designed to work in conjunc- 
tion with a voltage feedback and, in effect, it overrides the 
voltage feedback during overload conditions. 

Phase feedback is sometimes used in 3-phase inverters 
to ensure exact 120-deg phase angles between output 
voltages. Normally the oscillator will provide these exact 
angles at the input to the driver stage. Then, if each phase 
is equally loaded, the phase shifts through the drive, 
power and filter stages will be equal, resulting in a 
properly balanced output. Frequently, however, the load 
or power factors are unbalanced or the filters may have 
sharp phase characteristics resulting in unequal phase 
angles in the output. Phase feedback is obtained by com- 
paring the angle of two phases with respect to the third 
and generating two feedback signals proportional to the 
differences from the nominal 120 deg. These two feedback 
signals then act on phase-shifting circuits in two of the 
oscillator outputs to correct the phase angles. 


Oscillator Subcircuit 


The oscillator in a static inverter has the function of 
providing the correct nominal frequency to the drive 
stage and, in a three-phase inverter, of providing the 
nominal 120-deg phase difference between the three sig- 
nals. It‘is also totally responsible for the frequency regu- 
lation since the subsequent circuitry has no effect on 
frequency. 

The output requirements of the oscillator are a function 
of the inverter requirements and the particular techniques 
used in the remaining circuitry. The oscillator output 
is normally multi-phase, ranging from one to six signals, 
with the necessary phase shifts between them. For ex- 
ample, a single-phase inverter will require either one 
signal or two signals 180 deg apart. For a 3-phase inverter, 
either three signals 120 deg out of phase or six signals 
60 deg apart are required. In the latter case, pairs of 
signals 180 deg apart are used in each of the three phases. 
The output waveform may be a square wave, a sine wave, 
a triangular wave, or pulses, depending on the cir- 
cuitry following the oscillator. In the case of the sine or 
triangular wave, the amplitude of these signals must 
usually be held reasonably constant. 

The oscillator subcircuit may control frequencies in 
many different ways. Static inverters may be required 
to have regulation ranging from none to frequency con- 
trol of 1 in 10°. In many cases, self-oscillating circuits 
such as those previously described may be used as just 
the oscillator furnishing signals to a driver subcircuit. 
Here the frequency regulation may be obtained by Zener 
diodes in a winding of the feedback transformer or by 
regulating the supply voltage. A number of these self- 
oscillating circuits may be coupled together to provide 
exact 3-phase, square-wave drive signals. In such a ver- 
sion, a 1200-cps master oscillator drives three slave oscil- 
lators in such a way that the slave self-oscillators, whose 
normal frequency is slightly below 400, are locked to 
400 and are also exactly 120 deg out of phase with each 
other. The master is regulated while the others are not. 
The locking of phase and frequency is done by using 
multiple windings on the transformers and putting these 
windings in series between phases. 

If a sinusoidal signal is desired, a Clapp oscillator 
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Fig. 5—Phase shifter. 


Fig. 6—Triangular-wave generator. 


(Fig. 4) will give good (0.1 to 1.0 per cent) frequency 
regulation. Other similar LC circuits such as Hartley, 


Colpitts, etc., may be used with approximately equivalent 
performance. 

Most commonly, three-phase signals are obtained from 
the single-phase signal by using phase-shifter circuits 
such as shown in Fig. 5. Here, the signal is inverted, 
shifted 60 deg leading and 60 deg lagging to provide the 
three 120-deg signals. The phase shifter, which is sub- 
ject to loading variations, must be followed by three 
emitter followers. Triangular waveforms are most easily 
produced by integration of square waves. (See Fig. 6.) 
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Fig. 7—Three-stage phase-shift oscillator. 
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Fig. 8—Blocking oscillator and ring counter using point-contact 
transistors. 


Saw-tooth waveforms may be generated in the same way. 
Sine waves may also be directly produced in multiple 
phases by using multi-stage phase-shift oscillators and by 
removing the sinusoidal signal at three different 120-deg 
points (Fig. 7). Each stage gives a phase shift of 60 
deg at the desired frequency. 

In some inverters, the drive circuit requires pulses as 
input signals. The latter may be produced in a pulse 
oscillator and distributed by a ring counter. Figure 8 
shows a 2400-cps blocking oscillator feeding a ring 
counter made up of point-contact transistors. The outputs 
of the ring counter are 400 cps and are exactly 60 deg 
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Fig. 9—Frequency divider using unijunction transistors. 
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out of phase with each other. Unijunction or conven- 
tional junction transistors may also be used in the block- 
ing oscillator with slight additional complication of the 
circuitry but with improved performance over the tem- 
perature range. Astable multivibrators have also been 
used as the oscillators. These produce square waves 
which may be differentiated to provide pulses. 

Many recent static inverter specifications require 0.1 
per cent (or better) frequency regulation. For these in- 
verters, crystal or tuning-fork-controlled oscillators are 
indicated. Tuning forks are now available in the range 
from 2400 to 400 cps, with stabilities up to 0.01 per cent. 
These meet the extreme environmental requirements ex- 
perienced in ballistic missiles. Such forks are available 
from U. S. Time, Varo, and Philamon, among others. 
Crystals may be obtained with frequency stabilities up 
to 1 in 10°. Low-frequency crystals are normally very 
large and subject to vibration so that it is customary to 
choose crystals that operate at high multiple frequencies 
(over 16 kc) and then use divider or count-down cir- 
cuits to reduce the frequency to a usable level. A divider 
circuit using unijunction transistors is shown in Fig. 9. 
The circuits are quite stable, work with pulses, and may 
be designed for any integral divisor and at any frequency 
required. Alternatively, binaries or flip-flops may be used 
to count down. 


Control Subcircuit 


Modulation Techniques. Various methods exist for 
the control of voltage amplitude by means of time modula- 
tion of a switched waveform. Two basically different types 
of modulation may be used; both are known as pulse- 
width modulation although they are in no way similar. 
For the purposes of this discussion, the two types will 
be referred to as “pulse-duration” modulation and “pulse- 
frequency” modulation. 

(1) Pulse-Duration Modulation. Pulse-duration modu- 
lation is defined as the time variation of the positive- 
going and negative-going portions of a voltage in order 
to change the fundamental voltage component of the 
filtered output wave. The waveform of the output is a 
stepped wave (of one step) as shown in Fig. 10 and is 
hereafter called a “‘quasi-square wave.” The equation 
for this wave, expressed as a function of 6 (14 the dwell 
angle) in a Fourier* expansion is 
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Fig. 10—A quasi-square wave. 
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cos 58@ sin 5wt 
The fundamental and the harmonics of the filter output 
vary in amplitude as a function of 6. This variation is 
shown in Fig. 11 for the first, third, fifth, and seventh 
harmonics and for the total of the harmonics, At the 


same time, the output voltage (fundamental) is a func- 


*See “Using Fourier Analysis in Designing Whole Systems, Subsystems, Electrical 
and Mechanical Devices,” Ira Ritow, Extectrica, Manuractunine, February 1959, 
p 87. 
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Fig. 11—Harmonic content as a function of dwell angle. 





big. 12--Sehmitt trigger circuit. 
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Fig. 13—Center clip and limit circuit using Zener diodes. 
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Fig. 15—Pulse stretcher. 
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tion of the angle 6. The problem, therefore, is one of 
controlling the angle @. 

There are four basic techniques for achieving the vari- 
able dwell-time stepped wave: amplitude comparison, 
center clipping, pulse stretching, and front clipping. All 
will be discussed here in relation to their application to 
single-phase inverters although they may readily be 
extended to three-phase systems. 

In the amplitude comparison technique, two sinusoidal 
or triangular signals, 180 deg out of phase, are delivered 
by the oscillator. These two signals are amplitude-com- 
pared in two identical circuits whose levels of comparison 
are determined by identical d-c signals, which are the 
voltage feedback. The amplitude comparators may be 
Schmitt trigger circuits such as shown in Fig. 12. The 
output of each comparator is a square wave whose width 
is controlled by the feedback signal. 

The center-clipping technique may exist in two forms. 
Both use a sinusoidal or triangular input. The first applies 
the input signal to an amplifier whose variable gain is 
determined by the feedback voltage. The resulting vari- 
able-amplitude signal is then applied to a pair of Zener 
diodes (Z,, Z.) which effectively remove the center por- 
tion of the signal (Fig. 13). The clipped signal is then 
applied to a limiting amplifier, the result of which is the 
quasi-square wave. The second type of center-clipping 
technique uses a limiting push-pull amplifier operating 
with cross-over distortion (Fig. 14). The distortion is 
varied by applying the feedback voltage to the emitters 
of the amplifier, and the output is the duration-controlled 
stepped wave. 

In the third technique for obtaining a dwell-time 
stepped wave, the output of the oscillator is stretched, 
in the circuit shown in Fig. 15, in proportion to the d-c 
feedback voltage. The output has high stability. 

The front-clipping technique requires a square-wave 
input. The latter is applied to a magnetic amplifier (to 
be discussed later and shown in Fig. 24) which produces 
the stepped waveform with dwell time proportional to 
the feedback signal applied to the d-c control winding. 

The first two of the above techniques operate sym- 
metrically on the input wave, the third removes the trail- 
ing portion, and the last removes the leading edge. 
Sudden changes in load cause no instantaneous frequency 
change in the first case but cause opposite instantaneous 
frequency shifts in the latter two cases. Front clipping 
may result in instabilities in some systems. The choice of 
which technique is to be used is largely determined by 
individual conditions. Pulse stretching and front-clipping 
techniques operate on pulses or square waves, and the 
associated transistors thus operate in the switched mode. 
The center-clipping methods are the most popular at 
the present time. 

(2) Pulse-Frequency Modulation. In this type of 
modulation, the pulses in a high-frequency output are 
spaced, or modulated, at a lower frequency as shown in 
Fig. 16. After filtering, only the lower frequency is present 
in the output. Pulse-frequency modulation techniques are 
very recent. Figure 17 illustrates one of these techniques. 
In this diagram, e; is a precise 400-cycle signal of low 
power. If the output signal differs from e;, an error signal 
(e) results. The error signal is then amplified to produce 
an output, e,. If the gain of the amplifier is high enough, 
ihe system will oscillate rapidly about the desired output: 


€, = e;. This oscillation is at a high frequency which 


ELECTRICAL MANUFACTURING 





















































LIU 


Fig. 16—Pulse-frequency modulation waveform. 
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Fig. 17—Pulse-frequency modulation feedback. 


can be easily filtered. The unfiltered output is as shown 
in Fig. 16. The amplifier should be a high-gain, non- 
linear amplifier with fast switching speed. Silicon con- 
trolled rectifiers are well-suited to this use. Much work 
remains to be done on this type of circuit, but present 
results indicate that it is practical, efficient, and light 
in weight. The weight advantage is obtained by the use 
of high frequencies. 


Voltage Feedback 


As mentioned previously, there are many different ways 
of providing voltage feedback. The circuits discussed in 
this section are some of those used to detect the a-c 
output voltage and generate a d-c error signal propor- 
tional to the difference between the output and some 
standard, which is usually provided by one or more 
Zener diodes. This d-c error signal then is used to con- 
trol the waveform in a manner which causes the output 
to be constant. Voltage feedback detection is usually done 
at the output of the filter. The detector is a half- or 
full-wave bridge rectifier, with adequate filtering to 
act as a peak detector. 

Figure 18 shows one method of obtaining the d-c error 
signal with the use of a single, series Zener diode, Z. A 
similar circuit using two Zener diodes is shown in Fig. 19. 
The circuit in Fig. 20 uses the Zener diode in a voltage- 
divider circuit to bias the detector. A very simple half- 
wave circuit, using a transistor to provide voltage gain, 
is shown in Fig. 21. In these detector circuits, the gain 
is adjusted so that the overall regulation will be correct 
but not so high that the inverter might be unstable. 
Usually, the introduction of lead networks in the voltage 
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Fig. 18—Series Zener voltage regulator. 


Fig. 19—Dual Zener voltage regulator. 





Fig. 20—Voltage regulator with Zener bias. 
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Fig. 21--Simple half-wave voltage regulator. 


feedback circuit is necessary to achieve very close (less 
than 1 per cent) voltage regulation. 

Voltage detection of a three-phase inverter may be 
made on a combined-phase basis if the loads are reason- 
ably well balanced. In such a system, a three-phase, half- 
or full-wave rectifier is substituted for the rectifier shown 
in any of the circuits above. 





Transistormagnetic amplifier as voltage regulator. 


Line Regulation. Regulation of the d-c line input 
to the inverter is often a useful method of voltage regu- 
lation. Feedback is applied to the line regulator from 
the static inverter output in any of the ways previously 
discussed. The line regulator thus maintains a constant 
static inverter output under load or d-c input changes. 

Conventional series line regulators make use of 
paralleled power transistors operating as Class A common- 
collector amplifiers. For high-power use, however, such 
operation is impractical, since the efficiency is dependent 
on line-voltage variation. On 28-volt systems, the efficiency 
of this type of regulator is less than 75 per cent. 

Series line regulators may be designed to use series 
transistors operating in the switched mode. The transistor 
switches between cutoff and saturation at a high rate, with 
pulse-width modulation of the resulting square wave. Two 
types of operation are possible: 

(1) The “on” time can remain constant while the “off” 
time is varied to change the load power (or vice versa), 
thus causing the frequency to vary. 

(2) The frequency remains constant while the pro- 
portion of “on” to “off” time is varied. 

The pulse-width modulated wave is then filtered in a 
low-pass filter and the resulting d-c is controlled in am- 
plitude. The voltage feedback is applied to keep this d-c 
constant by control of the modulation. The efficiency of 
such a system is usually about 90 to 95 per cent. 

Figure 22 shows a line regulator which is a self- 
oscillating circuit having constant “on” time and variable 
“off” time with a single transistor and a saturable control 
transformer. The d-c control signal is provided by the 
voltage feedback. This same circuit has many other ap- 


D-C control signa! 


Fig. 24—Magnetic-amplifier a-c series regulator. 


86 


| 
+ —#—-0 - 


: Regulated 


4 
-T™ 


d-c output 


a Or 


Fig. 23—Booster line regulator. 


plications outside the field of static inverters—wherever 
efficient amplification or regulation is necessary. 

Another line regulation technique uses a pulse-width 
modulated, switched transistor to handle only the variable 
portion of the output load voltage. A regulator operating 
in this manner is called a booster. Figure 23 is a schematic 
of a typical booster in which the output voltage may be 
varied between values equal to the input and twice the 
input. This circuit is especially useful with static inverters 
since all the input power is not handled by the transistors. 

These and other new, highly efficient, series-line regu- 
lators make previously inefficient line-regulation tech- 
niques practical and competitive with more complex 
voltage-regulation methods. 

Magnetic-Amplifier Regulators. Frequently, series 
magnetic amplifiers are used in the output of a static 
inverter, before the filter, to execute the required voltage 
regulation. This setup, however, is becoming less popular 
as more advanced, efficient techniques become available. 
It is mentioned here because it is still used occasionally. 

The simplest magnetic amplifier has a square-loop 
magnetic core with two windings, one a load winding 
and the other a control winding. When no control current 
is applied, the impedance to a-c in the load winding is 
very high. A small control current, however, saturates 
the core, reducing the a-c impedance nearly to zero. 
Figure 24 shows a typical magnetic amplifier, such as 
might be used between the output transformer and the 
filter of a static inverter. If no d-c signal is applied and 
the input a-c waveform is a square wave, the output a-c 
waveform will also be a square wave. The diodes conduct 
on alternate half cycles and T, and T, are alternately 


No control signal 


Small control signal 


Lorge control signal 


Fig. 25—Output waveforms from magnetic amplifier in Fig. 24. 
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saturated by the input. If a d-c signal is applied in the 
proper direction, this saturation may be delayed, the 
delay being proportional to the amplitude of the d-c. 
This results in the output shown in Fig. 25 b and c. The 
output waveform becomes a square wave with variable 
dwell time. If the wave is filtered, a sine wave of variable 
amplitude is produced. The d-c control signal is obtained 
by any of the methods mentioned previously. This type 
of regulator is quite heavy, which is its primary disad- 
vantage. 

A magnetic-amplifier regulator can be used in the 
driver stage instead of in, or following, the power stage. 
This approach was mentioned under modulation tech- 
niques. 


Phase-Angle Control 


Where phase feedback is necessary, voltage feedback 
is also used, ensuring the proper amplitudes for each 
of the three phases and making the detection of unbal- 
ance a simpler problem. Figure 26 is a vector diagram 
of the output voltages: V,, V, and V. represent the 
amplitudes of the voltages and V;, and V., are related 
to the phase angles. It can be shown that 
V, sin a 


Vea = 


cos a/2 


Figure 27 is a plot of V»,/V., the error, for variations 
of a about 120 deg. 

To detect the error, a transformer may be connected 
from line to line and its output rectified to provide a 
d-c signal proportional to the a-c line-to-line voltage. 
This signal may be amplified and then applied to the 
phase-correcting circuit. The phase-correcting circuit is 
between the oscillator and the drive circuits and acts to 
retard, or advance, the oscillator output signals. In doing 
this, one phase of the oscillator output is delayed a certain 
amount, and the other two phases are delayed, or ad- 
vanced, in proportion to the signal from the detector. 

The exact phase-correcting circuitry is dependent on 
the waveform of the oscillator output. In many inverters, 
an LC phase shifter may be used, in which the inductor 
is actually a saturable reactor controlled by the phase 
feedback signal. In pulse circuits, pulse stretchers may 
be used to advantage with the phase feedback signal con- 
trolling the amount of stretch. 


Overload Control 


Current feedback systems are usually identical to volt- 
age feedback systems in basic circuitry, differing only 
in that their transformers are current transformers and 
their circuit gain is different. Current and voltage sys- 
tems are often combined. The current feedback circuit 
is so arranged that currents in excess of rating (de- 
termined by a Zener reference diode) act to override the 
voltage detector and cause the output voltage to drop. 
With proper gain, the inverter will act as a constant-cur- 
rent generator for loads in excess of rating. If the gain 
of the current detector is too high, the inverter will shut 
down completely under overload, reducing the current 
to zero. It will then start again, causing the entire inverter 
to oscillate. The purpose of this feedback is to prevent 
damage to the transistors during momentary or prolonged 
overloads by keeping them from carrying more than 
their rated load. 

When rating static inverters it should be remembered 
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Fig. 26—Vector diagram for phase feedback. 
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Fig. 27—Phase voltage error vs phase angle. 


that, in general, they will not deliver more than their 
rated power, except for extremely short periods (limited 
by transistor heating). Any overload capability is gained 
only by designing and producing a larger and heavier 
static inverter. 

A static inverter should not be considered to be the 
same as a rotating machine. It does not possess inertia, 
it is more susceptible to mistreatment. The smaller the 
load range of operation required of the static inverter, 
the smaller the inverter will be. In particular, regulation 
at no load is difficult to achieve. Thus, the load range 
actually required should be the load range specified. If 
the loads of the inverter consist, in part, of motors or 
tube filaments, the high initial starting currents of these 
loads should be considered. If possible, in missile applica- 


tions, all such loads should be started on ground power. 
O0°0 


Editor’s Note: The second part of this article, which will appear 
in next month’s issue, will cover the design of the power and 
drive subcircuits, the filter circuits, and various aspects of the 
mechanical design and packaging of a static inverter. 
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PROBABLY AT LEAST EQUAL to the many-faceted de- 
velopments in network theory (including the partic- 
ular techniques of both analysis and synthesis) has 
been the growth in appreciation of the fact that 
“network theory” is far more than either a mere set 
of tools for use by the electrical engineer or, on 
the other hand, a collection of mathematical abstrac- 
tions. Electrical network theory is really the funda- 
mental theory of all linear systems, including those 
with and without sources of energy, and of mechanical 
systems as well as electrical. 

The elementary approaches to circuit study tradi- 
tionally began with methods and concepts which 
were rigorously limited to a-c steady-state analysis. 
Unfortunately, this limitation often was not in the 
interest of simply providing a more readily under- 
stood basis for studying methods which had broader 
power and scope, but was imposed because of the 
limitations of the methods themselves. Equally un- 
fortunately, the limited scope of some of the traditional 
elementary methods very often was not clearly defined 
nor was the existence or (at least) the need for more 
powerful methods of analysis indicated. Separate and, 
as taught, often quite unrelated methods for the 
study of “transient” effects were then presented to 
the student, again explicitly for electrical circuits. 

The pressure of the need for stronger analytical 
methods for systems in general has contributed to 
the emergence of network theory from the status of 
a collection of arbitrary methods for static electrical 


circuit manipulation. Network theory is now far more 
than simply steady-state analysis with superimposed 
modifications to include transient conditions or, for 
instance, distributed parameters. This is not to say 
that fundamentals such as Kirchhoff’s Laws and the 
derivative methods of circuit analysis have been 
superseded as the nuclei of network theory develop- 
ment. Rather, the present lines of reasoning and 
contemporary purposes have made it necessary for 
the unified relatedness of the various accepted con- 
cepts and methods not to be concealed or glossed 
over but be strongly emphasized. This continuity 
and basic coherence of network theory principles and 
practice form the central theme and basis of develop- 
ment of the present article on Network Analysis. 
Thus it forms one more link in our program of 
presenting contemporary and authoritative Basic Sci- 
ence & Engineering concepts for which engineers have 
a vital “right-now” need. 

Control and feedback system engineering—the need 
for unfettered and powerful analysis of mechanical 
systems and the intricacies of modern electrical 
communication applications—have demanded a body 
of network theory as a unified coherent entity capable 
of continual organic growth by being soundly rooted 
in valid mathematical principles. Manipulative pro- 
cedures both network analysis and synthesis must 
be both powerful. and usable, and _ theoretically 
sound so as to permit extension and refinement as 
required by further advances and demands by engi- 
neering. No longer admissible are concepts and 
methods which are artificially limited in scope so 
that they do not apply, or can not by logical extension 
he applied, to steady-state, transient, time and fre- 
quency-response analysis or any other consideration 
logically part of the same fabric. 

In our December issue, in “Determinants and 
Matrices,” we presented some of the mathematical 
methods having broad engineering-analysis usefulness 
but which have particular strength in network study. 
The present article is devoted to electrical network 
analysis, presented for its own merit and also to pro- 
vide a still broader base for future major articles 
on other mathematical analytical tools, for the analysis 
of mechanical systems by the use of network theory, 
and for network synthesis, in addition to other topics 
made possible by the ever-broadening foundations 
provided by the Basic Science series. 

To clarify the status of the present article, the 
author’s explanation of a useful distinction between 
network analysis and synthesis is presented here: 


“In rietwork analysis a network and an input (or a set of 
inputs) are given, and a mathematical function (e.g., a 
current, voltage or an impedance) is to be found. A solu- 
tion always exists and is unique. In the converse problem, 
that of synthesis, a rational function of the complex 
variables, or a set of these rational functions, is given as 
a specification of a desired network; a network charac- 
terized by the given functions is to be found. Here it is 
important to note that a solution may not exist.” 
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IT IS GENERALLY ACCEPTED that a mastery of network 
theory is indispensable to the electrical engineer. It is 
becoming clear, moreover, that the concepts and tech- 
niques of network theory are of great value to the applied 
mathematician and physicist (/)t, irrespective of his field 
of specialization. Network concepts such as input-output 
and others have even found their way into a recent book 
on pure mathematics. (2) In addition to their use in the 
exact sciences, the input-output concept and the ubiquitous 
black box have yielded rich rewards in such fields as 
biology and economics. (3) 

It is therefore desirable that the fundamentals and 
latest advances in network theory be made available to 
those who deal with discrete linear systems or distributed 
systems that can be approximated by such discrete sys- 
tems, whether they be digital computers or hydraulic, 
mechanical or electrical systems. In this article some 
important aspects of network analysis are presented. 
Although synthesis is not discussed explicitly, the concepts 
of analysis gain force by being discussed in a synthesis 
context. In a subsequent article a similar presentation will 
be made for network synthesis. 

* Parts of this paper are taken from the author’s book on network analysis 
and synthesis to be published by McGraw-Hill Book Company. These parts 


are used with the permission of the author. 
t Italic numerals in parentheses refer to Cited References at end of article 


Because of space limitations, it is not possible to give 
a complete discussion of network analysis. Introductory 
ideas and definitions that will be required in the paper 
will therefore be discussed briefly; it is assumed that the 
reader will consult a good reference on network analysis 
for detailed discussion of these ideas. (4-7) It is also 
useful if the reader has a working knowledge of matrix 
theory and Laplace transform theory, although the latter 
is not absolutely essential; it will be seen that the com- 
plete discussion can be considered in terms of a slight 
extension of sinusoidal steady-state theory. 


Basie Laws and Theorems 


The reader is assumed to be familiar with the basic 
laws and theorems that are used in network analysis. These 
are discussed in detail in the references (4-7), but for con- 
venience, a brief statement of some of these laws is given 
here. ’ 

© Ohm’s Law. The relation between the voltage across 
and the current through a network element is given by 
Ohm’s Law, 

E=I1Z 
This is illustrated in Fig. 1, where the arrow direction for 
E indicates the direction of voltage rise. For the individual 


(Copyright 1960 by C-M Technical Publications Corporation) 
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Illustration of Ohm’s Law and the voltage-rise conven- 


elements R, L and C, this volt-ampere relationship be- 
comes, respectively, 
E=IR 
B= IL ja 
l 
ju 


bk 


© Kirchhoff’s Voltage and Current Laws. The laws used 
for the analysis of networks are the two laws of Kirchhoff. 
Kirchhoff’s voltage law states that the algebraic sum of the 
voltages around any loop is equal to zero, whereas the cur- 
rent law states that the algebraic sum of the currents at any 
node is equal to zero. 

© Superposition Theorem. The fact that the network ele- 
ments are constants leads to linear differential equations. 
Because of the linearity, the effect of each source in a net- 


work may be considered independently of other sources. 
This principle is given the name of the superposition theo- 
rem, which states that the response of a network to a 
number of sources applied simultaneously is equal to the 
sum of the responses of the network when each source ts 
applied separately. In considering the response to a single 
source we must properly remove the other sources—that 
is, we must short-circuit voltage sources and open-circuit 
current sources. 

© Reciprocity Theorem. A network that contains only 
R’s, L’s, C’s and mutual inductance (or ideal transformers) 
is not only linear but also obeys the reciprocity theorem 
(or, as it is also stated, it satisfies reciprocity). This theorem 
states that any transfer function with the dimension of 
impedance or admittance remains unchanged if the points 
of excitation and response are interchanged. 

e Thévenin’s and Norton’s Theorem. We are frequently 
interested in determining the current or voltage in one 
small part of a network. The use of Thévenin’s or Norton’s 
theorem allows us to replace the other part of the network 
(containing passive elements and sources) by a single 
source and a single impedance; the desired current or volt- 
age may then be calculated more simply. Thévenin’s theo- 
rem replaces the network (other than the part whose volt- 
age and current are to be calculated) by an equivalent 
voltage source and a series impedance, whereas Norton’s 
theorem replaces it by an equivalent current source and a 
shunt impedance. 


Characteristics of Network Theory 


In this section we give a brief description of the types 
of networks to be considered and the types of equations 
and functions that describe these networks. 


Types of Elements and Sources 

We consider the analysis of networks containing a finite 
number of two-terminal elements—resistances (R), capac- 
itances (C), and inductances, both self-inductance (L) and 
mutual inductance (M). Except for the mutual inductance, 
whose value may be positive or negative, the values of all 
the network elements are assumed to be real positive con- 
stants. Such networks are fully described as finite linear 
lumped-constant passive networks; we shall refer to them 
as linear passive networks,* or simply as networks. 

We require independent voltage and current sources to 
energize the networks. A voltage source is a two-terminal 
device that maintains at its terminals a specified voltage that 
is independent of the current; correspondingly, the speci- 
fied current of a current source is independent of the volt- 
age at its terminals. 

For the analysis of active networks, dependent sources 
are required; a dependent voltage source, for example, is 
a source whose terminal voltage is dependent on other volt- 
ages or currents in the network. Since in this article our 
main concern is not the analysis of feedback networks, we 
will not discuss dependent sources. It should be mentioned, 
however, that the techniques for handling active networks 
are merely extensions of those used for passive networks. 
For example, the topological concepts to be presented later 
(see “Topology or Linear Graphs. . .,” p 105, and “Kirch- 
hoff’s Application of Linear Graphs . . .,” p 107) may be 
so extended to analyze active networks. Moreover, since 
Cederbaum’s symbolic matrix notation is applicable with- 


* For convenience, we do not consider the ideal transformer and the gyrator, 
which may also be present in passive networks; inclusion of the latter element, 
however, makes the network no longer obey reciprocity. Such general passive 
networks may be handled by straightforward extension of the techniques 
presented here 


out change to active networks, and since the characteristic 
polynomials may be applied to active networks with only 
a slight lengthening of the discussion, in these two cases 
we assume that the matrices describe active networks, and 
we choose some feedback examples to illustrate the power 
of the Cederbaum technique. 


Types of Networks 

Networks to be analyzed are easily characterized as in- 
terconnections of two-terminal elements; i.c., by their net- 
work geometry and types of elements. Moreover, for 
synthesis purposes or for the analysis of networks that are 
interconnected in various ways, it is useful to say a few 
words about n-terminal and n-port networks. 

Two accessible terminals at which voltage or current 
sources may be applied or responses measured constitute a 
terminal pair or port. A network with one terminal pair— 
a one-port network or, more briefly, a one-port—may be 
completely described by one network function; viz., a 
driving-point function. A two terminal-pair network (or a 
two-port, or, as it is also called, a quadripole) is completely 
described by three independent functions, two driving-point 
functions and one transfer function; and so on. Thus the 
number of ports of a network constitutes a measure of the 
complexity of the network. 

The terminals may also be considered separately and 
the network description given in terms of the total number 
of terminals rather than terminal pairs. It is important to 
recognize the distinction between an n-port and an n-termi- 
nal network. For example, because of its practical applica- 
tions much work has been done on the synthesis of a 
two-port network; that is, a four-terminal network in which 
the two terminal pairs of interest have been specified. Little 
is known, however, about the synthesis of the four-terminal 
network. As a measure of the complexity of these two 
passive network types, it is to be noted that complete 
characterization of the former requires only three inde- 
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Fig. 2—A single-loop network. 


pendent network functions, whereas the four-terminal net- 
work requires six independent functions for its charac- 
terization. 


Types of Equations 

The networks under consideration are described by linear 
differential equations with constant coefficients. For ex- 
ample, the single-loop network shown in Fig. 2, where the 
arrow alongside each voltage shows the direction of voltage 
rise, obeys the equation 


Ri 4 xf idt =e () 


In the above it has been assumed that e(t) = !E| cos (ot 
¢) and that the network is in the steady state. 
As is well known, steady-state phasor notation can be 
used; thus 
e(!) = Re [Ee?#*] 
i(t) Re [Te?+*] (2) 


Where Re [ ] denotes the real part of the quantity in 
brackets, and FE and / are complex numbers. Equation (1) 
now becomes 


(3) 
so that 


jwOR +1 (4) 


For convenience in writing (i.e., we use one letter instead 
of two), if we now substitute s for jo we obtain, from 
Eq (4), 


(5) 


n(s ne) 


Since the voltage across the capacitor is given by 1/Cs we 
have, from Eq (5), 


(6) 
” (: ' Fi :) 


This last equation could, of course, have been obtained 
directly by a voltage-divider relationship. 

The functions obtained in Eqs (5) and (6), //E and 
E/E, are network functions; more specifically, they are 
system functions, about which we shall say more later. 

The above can easily be generalized to multiloop net- 
works. In this case, as we shall see, a complete description 
is given by a system of differential equations or, equiva- 
lently, a system of algebraic equations in s. 


Complex Frequency 

We have introduced the variable s as a representation 
for jw. However, it is extremely useful to extend the allow- 
able values of s so that it covers the complex range: thus 
jo. With s a “complex frequency,” the voltage 
e becomes a_ sinusoid with a variable amplitude, 


sS=—— vo 
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'E\e*'cos(wt + ¢). Thus the complex frequency, like the o 
frequency, has a direct physical interpretation. 

When we recall that the sinusoidal steady-state solution, 
as related to the differential equation of a network with a 
sinusoidal input, is the particular solution of the inho- 
mogeneous equation, it becomes clear that the simple tech- 
niques of steady-state theory apply for s either a pure 
imaginary variable or a complex variable; for example, 
the “steady-state” current in any part of a network whose 
input is an exponentially decreasing sinusoid may be cal- 
culated in the same way as for an input of constant 
amplitude merely by use of the complex value of the fre- 
quency of the input. It is simple, of course, to revert to the 
original sinusoidal input by restricting s to the imaginary 
axis; that is, we can again let s == jo. 

The reader may still question what is gained by the 
complication of allowing s to roam over the whole plane 
instead of confining it to the j axis; he may argue that most 
often we are interested in an input for which s = jw. The 
complication is only apparent, not real. By considering the 
network functions as functions of a complex variable, the 
full power and simplicity of complex function theory are 
brought to bear on network problems. 

Another way of introducing the complex variable is by 
use of the theory of Laplace transforms. Use of the Laplace 
transform will also yield Eqs (5) and (6), if we restrict 
the networks to have zero initial storage. If, in addition, 
we restrict the input to be a unit impulse, the inverse 
Laplace transform of the right side of Eq (6) gives the 
voltage response e.(t). The two restrictions are only ap- 
parent; that is, they are no restrictions at all since super- 
position may be used. 


Network Functions 


A network to be analyzed or synthesized may have its 
behavior specified by one or more network functions, or 
even by a whole matrix of network functions. We will be 
concerned with two general types of network functions; 
namely, system functions and reciprocal system functions. 
Although the first is more important for our purposes, the 
second is also useful. 

The system function of a network is defined as a function 
of s representing the ratio of the Laplace transform of a 
response or output variable to the Laplace transform of an 
excitation or input variable. In the formation of this ratio 
it is assumed that the initial energy storage of the network 
is zero. 

Whether one considers output/input or input/output as 
the basic definition of the system function is to a large 
extent arbitrary. Good reasons can be adduced for prefer- 
ring either. The latter has been used in old books on trans- 
mission-line theory and is still prevalent in some literature 
on passive filter theory. However, in books on servomech- 
anism theory and the application of the Laplace transform, 
the former is used almost universally and has as a result 
achieved wide acceptance among engineers. At any rate, 
for purposes of intelligent communication, a definition has 
to be established and accepted; the present author prefers 
output/input. In problems where it is more convenient to 
use the input/output ratio, the reciprocal system function 
can be used. 


Fig. 3—A two-port network, 





There are two types of system functions of interest: 
the driving-point function and the transfer function. 
Each of these may have the dimension of impedance 
or admittance, while the transfer function may, in addition, 
be dimensionless. For a driving-point function (or, as it is 
often called, a two-terminal function) the input and output 
are measured at the same pair of terminals; e.g., the 
driving-point admittance (also called the input admittance) 
at the terminals of 1-1’ of Fig. 3 is given by Y,,(s) = 
1,(s)/E,(s). Thus, any input or output impedance or admit- 
tance is a driving-point function. For a transfer function, 
on the other hand, the input and output are measured at 
two different pairs of terminals. 

As Fig. 3 has been drawn, there is nothing to indicate 
which terminal pair represents the input and which the out- 
put. If we now assume that the input is applied to 1-1’ 
and the output taken from 2-2’, then four transfer func- 
tions may be defined: F.,/E, represents the transfer voltage 
ratio, /,//, the transfer circuit ratio, E./], the transfer im- 
pedance, and /,/E, the transfer admittance. Since the volt- 
age and current ratios are useful only as transfer functions, 
being identically unity for driving-point functions, the 
shortened forms “voltage ratio” and “current ratio” are 
used for these dimensionless transfer functions. (In dis- 
cussions in this article that are intended to apply to both 
of them, the term “transfer ratio” is often used.) 

Each of the four transfer functions, it is noted, repre- 
sents the ratio of an output transform to an input trans- 
form; the expression E,/E., since it is the ratio of an input 
to an output, is not a system function but represents the 
reciprocal of a system function. It is pointed out, however, 
that the reciprocal of a driving-point function is also a 
system function (8); that is, if, by using a current as the 
input and a voltage as the output at one terminal pair, < 
driving-point impedance results, then the reciprocal of this 
function is identical with the driving-point admittance ob- 
tained by using a voltage input and calculating the current 
response at the same terminal pair. In short, both a driving- 
point function and its reciprocal are system functions, 
whereas the reciprocal of a transfer function is in general 
not a system function. (The reader can easily check this 
by constructing an example or he can verify it in the ex- 
ample given at the end of this section.) 

The above fact about the reciprocals of driving-point 
functions is useful in determining realizability properties. 
At this point it is possible to mention another of its appli- 
cations. It can be shown (9) that a transfer function* can 
be determined from the product of two system functions, 
but not from the product of a system function and a re- 
ciprocal system function. Thus, for example, if E,//, and 
E./I, are system functions that have been calculated for 
a given network, E,/E, cannot be obtained directly as the 
product of E,//, and the reciprocal of E./I,. However, if 
the two known system functions are E,//, and E,/1,, then 
E,/E, is given directly as the product of E,//, and the 
reciprocal of E,/1,, since the latter reciprocal function is 
also a system function. 

The definitions of a system function and a reciprocal 
system function are easily extended to n-port networks, 
such as the one shown in Fig. 4. Here the Y,;, for r ~ k 
are defined as the transfer admittances for an input £). and 
and output /,, while for r = k the network’s driving-point 
admittances are dcfined. Similar extensions hold for the 
impedances and the dimensionless system functions. 

For the most part, the properties of network functions 
have been derived in the modern literature in terms of 
system functions. It is convenient in some synthesis pro- 
cedures, however, to use the function representing the ratio 
of the input to the output—that is, the reciprocal of a system 
function. We define the reciprocal of a system function by 


* This is not necessari'y true of a driving-point function. 
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Fig. 4—General n-terminal-pair network. 
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the shortened term, reciprocal system function. Since, as 
indicated above, the reciprocal of a driving-point function 
is also a driving-point function, the new term is needed 
only for transfer functions and consequently the word 
transfer may be omitted in the designation of reciprocal 
system functions. For example, F,//,, the reciprocal of a 
transfer admittance, has the dimension of impedance and 
is called a reciprocal admittance. 

It is well known that the most general form of a system 
function is given by a real rational function of s; that is, 
by the quotient of two polynomials with real coefficients. 
(10,11) The transfer impedance Z.,, for example, may 
always be represented by 


$1) (s So) ---(s Bud 
(s — s;)(s $) +++ (8 — 8p) 
where H a,,/6, is a constant multiplier, and p and q are 
real polynomials (/2); that is, the a’s and b’s are all real, 
and m and n are finite. Unless tie. contrary is stated, it is 
assumed that all common factors of the numerator and 
denominator have been cancelled. 

In terms of the derivations given above, system func- 
tions may be given either of two interpretations. The trans- 
fer impedance, E.(s)/1,(s), for example, represents the 
Laplace transform of the impulse response of the network 
[that is, the transform of the response e¢.(t) when the input 
i,(t) is a unit impulse] or, in the second interpretation, 
this ratio for s == jo is the function of rea! frequencies that 
gives the value of the complex amplitude of the steady- 
state voltage output for a unit-amplitude sinusoidal current 
input. Thus, when we realize a system function, we accom- 
plish the synthesis of a network that has the sinusoidal 
steady-state response specified by the function; or, alter- 
natively and equivalently, the realized network has the 
time response to a unit-impulsc excitation that is given by 
the inverse Laplace transform of the system function. 


m 


e@ EXAMPLE 1. For the network shown in Fig. 5, find the 
impedance and admittance at 1-1’, and the voltage ratio for 
(a) E, applied at 1-1’ and the response E2 measured at 2-2’, 


and (b) E2 applied at 2-2’ and the response Fy measured 
at 1-1’. 
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Fig. 5—-Cireuit for Example 1 in text. 


Solution: We work backwards from 2-2’ and calculate: 
1) I, = Ey 
2) k 
3) I 

1 
k 


t) 
2) 


uy + BE oh; + C/a Dk, 


l 


4 


6) k 2/, 


3s? + 
387/72 


Therefore, from Eq 6), 
KE 3s? + 133s/2 + 3 


» 
a a i, 3927/2 + 38 + 1/4 


Substituting Eq 4) in Fq 5) to eliminate /; yields, after a little 
algebraic manipulation, the desired voltage ratio 

8) ky 

7 BE, 38° 


The input admittance is the reciprocal of Z given in Eq 7): 


} l 3s7/2 + 3s + 1/4 
zZ 3s? + 138/2 + 3/2 


However, F£;/E2 as a system function is not given by the 


reciprocal of Fo/F;. Since no current will flow in the 2-ohm 


resistance, and the 4-ohm resistance plays no part in the open- 
circuit voltage ratio, 

Ky L/(3s) l 
ky 1/(3s) + 2s 6s? +1 
As a check, it is noted that the poles 
same as those of E2/E; in Eq 8), as 

is discussed in the next sectio 


10) 


Y in Eq 9) are the 
ey should be. (This point 


Properties of Rational Functions 


It is fortunate that the most general system function is a 
rational function because the latter is so easily character- 
ized: the poles, zeros and constant multiplier of the func- 
tion specify it completely. The zeros of a rational function 
are the values of s for which the function is zero and the 
poles are the values for which the function is infinite. The 
finite zeros are therefore given by the zeros of the numer- 
ator, and the finite poles by the zeros of the denominator; 
thus, Z,, of Eq (7) has zeros at the points where p(s) = 0, 
and it has poles at the points where q(s) == 0. There is also 
a zero at infinity if m > m, the order of this zero being 
equal to (n — m), and there is a pole at infinity if m > n, 
its order being equal to (m — n). It follows that the total 
number of zeros is always equal to the total number of 
poles. Because they completely define the function (within 
a constant multiplier), the zeros and poles collectively are 
called the critical frequencies or critical values of the func- 
tion. The constant multiplier H is spoken of as the level of 
the function; for convenience in intermediate calculations 
in realizing a system function, it is often set equal to unity. 

It is also convenient to define the term order, which 
indicates the complexity of a rational function: the order 
of a rational function is equal to the degree of the numera- 
tor or denominator, whichever is greater. 

At this point the question arises about the relationship 
of the natural frequencies (or natural modes) of oscillation 
of a network and the critical frequencies of its system 
function. The answer is simply given: the finite poles of 
the system function (that is, the zeros of the denominator) 
are the natural frequencies. (We postpone a detailed dis- 
cussion of this point until the section entitled “Natural 
Frequencies and Characteristic Polynomials”—see p 97). 


Network Considered as a Black Box with Two or More Ports 


Two linear equations completely characterize the be- 
havior of a quadripole at its accessible terminal pairs; an 
n-port requires nm equations for its complete description. 
There are many different sets of equations that may be 
chosen (/3), the type used depending on the choice of 
independent variables. In general, the equations of one set 
may be derived from those of any other set by appropriate 
linear transformations; the set used in a particular problem 
depends mainly on convenience. A few sets are described 
below. 


Open-Circuit Impedances and 
Short-Circuit Admittances 
Two convenient sets of equations for describing a two- 

port are given by 

Ey = tah + tele 

E, = inl, + tele (8) 
and the inverse set of equations 

I; yuk + yivk2 

I, Yall; + Voolts (9) 
The z’s are called the open-circuit impedances, whereas 
the y’s are called the short-circuit admittances; either set 
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completely characterizes the network. The definitions of 
these system functions are contained in the equations. 
From them we obtain. 
| 
kh | 
I 
l ty 





Ihe above equations make clear why the impedances are 
designated as open-circuit functions, whereas the admit- 
tances are short-circuit functions: each z,, represents a 
voltage response when all ports are open-circuited and a 
unit current is applied to the input port; each y,; repre- 
sents a current response to a unit-voltage input when all 
ports are short-circuited. For example, to evaluate the open- 
circuit transfer impedance z,, for the quadripole in Fig. 3, 
a Current source /, is used as the input to terminal pair 1-1’ 
and /, is made to equal zero; that is, terminal pair 2-2’ is 
open-circuited.* Since the internal impedance of a current 
source is infinite (or an open circuit), it is clear that 
open-circuit conditions exist at both terminal pairs. An 
analogous discussion applies to the short-circuit admit- 
tances. 

Extension to the n-port network is straightforward. The 
set of n impedance equations describing the n-port in Fig. 
+ is given in matrix form by 


/ (12) 


the elements of the matrix are defined by 


/, 


and £} and /] indicate column matrices. Again it is clear 
that all terminal pairs are open-circuited. 
Since the equations 


{Z I kb} (15) 
may be obtained by solving for E] in 
vy] £] /| (16) 


whenever [y] is nonsingular (that is, the two sets of equa- 
tions are, as Was stated previously, inverse sets), the im- 
portant relation 


(17) 
is obtained. 
An important property of [z] and [y] concerns their 


principal submatrices. If [z] is the open-circuit impedance 
matrix of an n-port network N, then the principal sub- 


* One can correctly argue that the driving current 7, may also be supplied 
by a voltage source ill that is necessary insofar as the network is concerned 
s that the specified current be established at its input terminals. However 
for showing the reasonableness of the open-circuit impedance designation 
the assumption will be made that fixing the current at a nonzero value is 
equivalent to driving with a current source thus all ports are considered 
“4S operating under open-circuit conditions 


Fig. 6—-A quadripole formed by the cascade connection of two 


component quadripoles. 


matrix [z’] formed from [z] by deleting row k and column 
k is the open-circuit impedance matrix of the same network 
with the same ports, except that port k is open-circuited 
and is now considered an inaccessible pair of terminals 
This should be clear from physical considerations, since 
the same network is considered in both cases; or it may be 
seen mathematically since 


| l2 = TJs 


and so on for all the terms of [z’]. 

his process of deleting rows and corresponding columns 
can be repeated on the new matrix, [z’]. Thus, a principal 
submatrix of order p < n, formed from [z] by deleting the 
(n p) rows j,k,l, ... and the (n p) columns j,k,l, . . 
is the open-circuit impedance matrix of the p-port network 
formed from N by open-circuiting the (n p) ports j,k,l, 

and using the other p ports as the points of access to 

the network. 

The analogous property holds for [y]. Here ports corre- 
sponding to the deleted rows and columns must be short- 
circuited. 


General Circuit Parameters; Chain Matrix 


It is often necessary to analyze a network formed by the 
cascade connection of two or more simpler networks. Such 
a network is shown in Fig. 6, where it is specified that 1-1’ 
is the input port. From the figure it is evident that 


E, = E; 
E, = E; 
EK, =E 


For this form of interconnection the output voltage and 
the output current* of the first network are common, re- 
spectively, with the input voltage and the input current of 
the second network. The set of equations that is useful is 
given in terms of the general circuit parameters, whose 
matrix is called the chain matrix. The essential property 
of the chain matrix is that for a network composed of two 
quadripoles connected in cascade, the matrix is equal to the 
product of the chain matrices of the component quadri- 
poles. The set of equations defining the chain matrix is 


ke 
/ 


| 
4 < 


whose parameters are therefore given by 


» 0 

Since terminals 1-1’ are the input pair, it is therefore 
clear that the general circuit parameters are reciprocal 
system functions. The reciprocal open-circuit voltage ratio 
* It should be noted that the positive direction of the output current is 


defined to flow out of the upper terminal. This is convenient whenever the 
chain matrix is used 
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is given by A, whereas D is the reciprocal short-circuit 
current ratio; the reciprocal short-circuit admittance is 
equal to B, and C is the reciprocal open-circuit impedance. 

Relationships of the general circuit parameters with the 
z's and y’s may be simply derived. Using Eq (10) and 
dividing z,, by z.,, we obtain 


22) 
/ 0 

But the right side of Eq (22) is equivalent to A as defined 
in Eq (21). Since [y] is the inverse of [z], the above rela- 
tionship may also be written in terms of the y’s as —y../Yo. 
Inspection of B as given in Eq (21) shows that it is the 
negative* of the reciprocal of y., in Eq (11). Proceeding in 
this way, we derive the two other relations: all four rela- 
tions, for convenience of reference, are collected below: 


221 


where and |y| denote the determinants of the respective 
matrices. Algebraic manipulation of the above equations 
yields the z’s and y’s in terms of the general circuit param- 
eters: 

A/C z L/C za = D/C 


(24) 
\ D/B \ 1B vo. = A/B 


It is evident that the condition for symmetry—that is, for 
z,, to equal z..— is A D. 
Now, returning to the network N’ in Fig. 6. we have 
Ey 
I 


* It should be clear that the negative sign arises because of the opposite 
referenc lirections of J, assumed in the definitions of the chain matrix 


which, by use of the relationships in Eq (19), becomes 
: ‘ 4 . 
Ey A’ B 


| Ej | 

j oe (26) 
I ; ar § | 
Similarly, for N” we obtain 


EY 
Ii 


which becomes 


| | (28) 
om I,.| 
a 
Substitution of the matrix product given in Eq (28) for 
the output voltage and current matrix of Eq (26) yields 


a 


The above analysis may be repeated for this overall quadri- 
pole cascaded with another quadripole. Therefore, the 
chain matrix of a composite quadripole formed by the 
cascade connection of two or more component quadripoles 
is given by the matrix product of the chain matrices of 
the component quadripoles. 

The concept of the chain matrix can be extended to net- 
works with n terminals at the input and n terminals at 
the output—i.e., multiterminal transducers. This extension 
has been carried out by a number of authors. (/4-/6) 


General Methods of Network Analysis 


[here are two general methods of analysis for determin- 
ing the internal behavior of a network; these are the loop 
method, which makes use of Kirchhoff’s voltage law, and 
the node method, which employs Kirchhoff’s current law. 
[These procedures do not generally provide the simplest 
computational scheme for analyzing a network, but they 
are guaranteed to give a solution in all cases. 

It is assumed that the reader is familiar with these tech- 
niques so that they are introduced here with a few com- 
ments mainly for the purpose of the future discussion. 


Network Equilibrium Expressed 
By Loop Equations 


We choose a set of independent loops whose number 
is sufficient to describe the network—that is, to give a 
solution in terms of which all the branch currents and 
voltages are uniquely defined. We call this number 7; later 
(see p 105, “Topology or Linear Graphs as a Tool in 
Analysis”) we shall see how this number is easily deter- 
mined in terms of the network geometry. Then Kirchhoff’s 
voltage law is used on each loop to give the loop-impedance 
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equations 
[o] 7] bk} (30) 
where the loop-impedance matrix [{] is a symmetrical mat- 
rix of order /, J] is a column vector of / loop currents, and 
the components of the column vector E] represent the cor- 
responding loop source voltages. A typical element of [Z] 
is {;, = Ri, + Lis + 1/C,xs, which for i = k represents 
the total impedance in loop i and for i =-4 k the impedance 
common to loops i and k. 
The above set of equations is solved for the loop cur- 
rents to give 
1) = [g)" E] (31) 
Thus, the process is straightforward; however, the com- 
putation may be exceedingly laborious, and it is therefore 
desirable to find simpler methods of solution. One such 
simpler method is provided by the theory of linear graphs, 
considered in the sections on “Topology and Linear Graphs 
...” and “Kirchhoff’s Application of Linear Graphs... ” 
—see pp 105 and 107. 
Another difficulty is that, for nonplanar networks (i.e., 
those that cannot be drawn on a plane without one or more 
branches crossing over other branches), there is no simple 
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method for determining a set of loops that are independent; 
this difficulty is also avoided by the use of linear graphs. 

It is noted that the form of Eqs (30) is the same as 
that of the open-circuit impedance equations. However, 
[¢] should not be confused with a set of open-circuit im- 
pedance equations even though we have formally 


/ / 


\ first difference is that 

er R / L/ Cus (33) 
. IS in general a more complicated rational func- 
tion. Secondly, the network N described by [¢] can have 
only / independent loops, whereas a network whose exter- 
nal behavior is described by [z] may have any internal com- 
plexity. This fact is further obscured in the important case 
of a pure resistance network since the elements of both 
[¢] and [z] are then real numbers.(/7) Finally, it may 
not be possible to form an /-port network from N and thus 
interpret [{] as an open-circuit impedance matrix. 


whereas z 


Network Equilibrium Expressed 
by Nede Equations 

One may always choose a datum node, and define a set 
ot n voltage variables, where each voltage E,; represents the 
voltage rise from the datum node to node i. Then Kirch- 
hoff’s current law is used at each of the n nodes (excluding 
the datum) to give the node-to-datum admittance equations 

I / (34) 
Here [»] is of order nm and the typical element is 7,;, G xy. 

C;,s +- 1/L,,s. For i k the element »;; represents the 
total admittance between ground and node i when all other 
nodes are grounded to the datum; for i kK, nj, Tepresents 
the admittance connected between nodes i and k. 

As indicated in the procedure, there is no difficulty here 
in determining an independent set of voltages. However, 
writing the equations is difficult for many engineers when 
mutual inductance is present. In addition, one should not 
conclude that the properties of [] represent restrictions on 
all types of admittance matrices, for they do not. For ex- 
ample, if [y] is written as the sum of three matrices, 


( +4 : (35) 
then each of the matrices of real numbers—{G], [C] and 
{1/L)—must be a dominant matrix, a dominant matrix 
being defined as a real symmetric matrix each of whose 
main-diagonal elements is not less than the sum of the 
absolute values of the elements in the same row. This is not 
true in general about admittance matrices formed without 
the use of a datum node. Furthermore, 7;;, is at most a 
quadratic polynomial divided by a linear term, whereas 
each element of the short-circuit admittance matrix of an 
n-port may be a general rational function. 

In contrast with the loop-impedance case, however, [7] 
may always be considered as a short-circuit admittance 
matrix; specifically, it describes an n-port for which all 
the m ports have a common terminal. 


Derivation of [=| and [y] for a 
Quadripole from [¢) and [,)] 


Assume that in Eq (30) only E, and E, of the / com- 
ponents of E] are non-zero and that it is possible to make 
two external ports so that only /, flows through E, and only 
* For i k the constants Rix, Lix and C\, are non-negative. However, 


when i # k they may have any sign, depending on the relative reference 
directions of the currents 7, and J, flowing through the network element. 
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I, flows through E.. We then find the elements of the [y] 
of the resulting two-port by the equations 


where A is the determinant of [Z] and A,,. is the cofactor 
of the element in the ith row and kth column. The z’s may 
now be obtained from the y’s by 


Since. by the Jacobi theorem, (/8) 


AA‘, AiiAm — AiArs (38) 


where the new symbol A ;} represents the cofactor* formed 
by suppressing rows i and k and the same columns of [¢], 
we have 


\ i 
i y A; 


\ A, 
\ . 43; 

Analogously, starting with the node equations given by 
Eq (34), if only /, and /, are nonzero, we can form a 
grounded quadripole with node 1 and node 2 as the posi- 
tive terminals of ports 1 and 2, respectively. 

Solving for [z] of the resulting quadripole, we have 


where A is the determinant and A;, a cofactor of [n].* Cor- 
respondingly, we have 


Ay 


\ 
4 


It should be noted that, to find [z] in the form given in 
Eqs (39) from the loop equations, it was necessary to make 
intermediate use of Eqs (36) and (37). Analogously, to 
determine Eqs (41) for [y] in terms of [y], it was necessary 
to use Eqs (40) and [y] = [z]" in intermediate steps. 
However, in the section on “Symbolic Notation . 
(p 109) we shall show a direct procedure for determining 
any system function from a specified matrix. 


* In accordance with the notation Aix, we could have used Ajxix to repre- 
sent the new cofactor. However, it is useful to introduce the notation o 
” 


Eq (38), which is used again in the section on “Symbolic Notation... ”, 
p 109 


+ Any desired transfer ratio may be obtained as the ratio of two cofactors, 
with the denominator a principal cofactor; for -example, Ex/Ei = Aik/ 
Ais. However, the mistake should not be made of determining E/E; as 
Ajn/Ajs_ by use of the relationship’ Ex/E; = zej X 1/2iy. AS discussed 
previously under “‘Network Functions,” since 1/z;; is not a. system function, 
the last equation is not valid 
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Natural Frequencies and Characteristic Polynomials 


Aa important property of a network (or other physical 
system) is its natural behavior. By this is meant that part 
of the system response whose form is dependent only on 
the values of the elements and their interconnection and 
independent of the applied force. This behavior is charac- 
terized by means of the natural frequencies of oscillation 
(or natural modes or free vibrations). 

The natural behavior is often spoken of in different ways. 
It is sometimes termed the force-free response; ie., the 
complementary solution to the homogeneous differential 
equation of the system. It is also loosely called thé transient 
response; here what is implied is the form of the transient 
part of the solution—i.e., the complementary function— 
when a sinusoidal force is suddenly applied to the system. 
Alternatively, the behavior may be described as the re- 
sponse to a unit-impulse excitation. 

Description of the natural behavior in terms of the im- 
pulse response as a function of time serves to relate the 
natural frequencies to the critical frequencies of a system 
function. The inverse Laplace transform of the system 
function shows that the impulse response includes terms 
of the form A;,«**', where A, is a constant and s, are the 
zeros of the denominator polynomial. Since s;, are the 
natural frequencies, we conclude that the finite poles of the 
system function are the natural frequencies. For this reason 
the denominator is called the characteristic polynomial of 
the system, and the equation formed by setting the denom- 
inator equal to zero is called the characteristic equation. 

Passive networks must of course be stable; that is, they 
have no internal energy sources, and therefore an impulse 
response of the form A;,«**' that increases without bound 
is impossible. Thus, since a pole in the right half of the s 
plane corresponds to an exponentially increasing time func- 
tion, we see immediately that a system function of a 
passive network can have no poles in the right half-plane. 

Since the natural frequencies are a property of a network 
and independent of the excitation, we would expect that 
the form of the response is the same at all parts of the 
network; that is, it is independent of the terminal pair 
chosen as the output port. Thus the poles of all system 
functions used to describe a single network should be the 
same. For example, each element of [z], the matrix of open- 
circuit impedances of an n-port, should have the same 
poles. If [z] is derived from a set of node equations, the 
elements would be given by z;;, A,;/A, where A is the 
system determinant and A,;; is a cofactor. This would 
appear to confirm that each element has the same poles. 

However, we recall that a system function must be re- 
duced to lowest terms. Therefore, the elements may not 
have the same poles after cancellation of possible common 
factors in some cofactor and the system determinant. Net- 
works for which such cancellation occurs are often spoken 
of as degenerate networks. However, since cancellation is 
such an important network phenomenon and occurs so 
often, the degenerate designation is perhaps inappropriate. 

The achievement of constant-resistance networks, for 
example, would be impossible without cancellation. For 
the symmetrical constant-resistance quadripole shown in 
Fig. 7, the open-circuit impedance matrix is 
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We can observe the cancellation that has occurred if we 
evaluate z,, as 


(43) 


The occurrence of cancellation is of course not restricted 
to constant-resistance networks. If we enlarge the pre- 
vious network in Fig. 7 to that shown in Fig. 8, we then 
have Z,, 1 +- 1/(s + 2) (s + 3)/(s + 2) and 


The natural frequencies have been shown to be the poles 
of a system function. Yet the reader is probably aware 
that they are often calculated as the zeros of a system func- 
tion. It is important to make clear why this can be done. 
The reason becomes obvious when it is pointed out that the 
system function whose zeros give the natural frequencies 
is a driving-point function. What is actually being used is 
the reciprocal of the system function that applies for the 
prescribed type of input. However, since the reciprocal of 
a driving-point function is again a driving-point function, 
the fact is obscured that the ratio of an input to an output 
is being used. For example, for the network shown in Fig. 
9, where the voltage source is a unit impulse, the natural 
frequencies are the zeros of the input impedance seen 
looking into the network at a-b. However, the system func- 





oo 
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Fig. 7—Symmetrical constant-resistance quadripole. (Values in 
ohms, henrys, farads.) 


oS 
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‘ig. 8—Quadripole, all of whose open-circuit impedances do not 
have the same poles, (Values in ohms, henrys, farads.) 
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Fig. ° Network whose natural frequencies are be deter- 


mined 


Fig. 10 —Network of Fig. 9 without any source shown. 


tion for a voltage input is the input admittance, so that its 
poles are the natural frequencies. 

It then becomes clear that both the poles and zeros of a 
driving-point function are natural frequencies of a network, 
depending on the type of excitation. Thus, consider the 
network in Fig. 9 without any source applied. The zeros of 
Z, the impedance seen at a-b in Fig. 10, are the natural 
frequencies for a voltage input; in other words, we can 
visualize that we cut open the network of Fig. 9 after the 
voltage source has been short-circuited and then calculate 
the impedance seen at the port formed by the cut terminals. 
The poles of Z, on the other hand, are the natural fre- 
quencies for a current source applied at a-b. Thus, if we 
consider the applicable system function in each case— 
that is, the input admittance for a voltage input and the 
input impedance for a current input—then only the poles 
of each system function are natural frequencies. 

The procedure illustrated by the above example is gen- 
eral. Furthermore, since the impulse response calculated 
in any part of the network exhibits the natural behavior, 
it is not necessary that the driving-point function be calcu- 
lated at a point where a generator appears. In other words, 
this is a consequence of what was stated previously; 
namely, that the natural behavior is independent of the 
applied force. However, in order not to misinterpret this 
statement, we must recall that all sources must be properly 
removed—that is, voltage sources are short-circuited and 
current sources are open-circuited. Otherwise, the network 
without sources will not be the same as the original net- 
work and hence will have a natural behavior different from 
that of the original network. 

It is of value to restate the above precisely in mathe- 
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Fig. 11—Methods of determining natural frequencies of a given 
network. 


matical terms. An inhomogeneous differential equation de- 
scribes the network containing sources. The corresponding 
force-free equation is obtained by setting all forcing terms 

i.e., voltage and current sources—equal to zero. This 
equation, which is also called the homogenous or reduced 
equation, describes the network without sources only if all 
the sources have been properly removed. 

Thus, after all sources have been removed, the network 
may be broken into at any point:* the zeros of the im- 
pedance are the natural frequencies. 

There is a dual procedure that is often more convenient. 
One may imagine soldering leads across any node pair: 
now the zeros of the input admittance at the port formed 
by these soldered terminals are the natural frequencies. 


This is clear when one visualizes a unit-impulse current 


source applied across this node pair; then the pertinent 
system function is the impedance between this node pair; 
this confirms that the zeros of the admittance are the 
natural frequencies. As an example, the natural frequencies 
of the network in (a) of Fig. 11 may be calculated as the 
zeros of Z, in (b); or it may be more convenient to calcu- 
late them as the zeros of Z, in (c) or the zeros of Y, in 
(d). 

As a simple illustration of how knowledge of these tech- 
niques may often simplify calculation, suppose that we 
desire to determine the zeros and poles of the impedance 
Z for Fig. 10 with a minimum of calculation. This may 
now be done almost by inspection. The poles—the fre- 
quencies at which the network becomes an infinite im- 
pedance—are evident as the resonant frequencies of each 
parallel network: #? = 1/(L,C,) and w3 = 1/(L.,C.). The 
zeros of Z are the frequencies at which the network is a 
short circuit. Since the inductances provide a short-circuit 
path for d-c, one of these zeros is clearly s == 0. The re- 
* With a proper interpretation, this statement is also true for degenerate 
networks, if possible common factors of the driving-point function are not 
cancelled. We discuss this later in the section in terms of the characteristic 
polynomials. If common factors do exist, the corresponding term in the 
transient response will drop out when initial conditions are applied; that is, 
it will have a zero coefficient. Thus, for the constant-resistance network con- 
sidered previously in Fig. 7, we would leave z;; as 213; = (s+ 1) / (s +1), 
which makes evident that s = —1 is a natural frequency at some point in 


the network. The term Ae-* would have A = 0 for the time response 
corresponding to £;; but A =~ 0 for the time response corresponding to 249. 
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2—Simplified network for computing natural frequencies. 
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Fig. 13—Typical quadripole to be described by the character- 

istic polynomials. 


maining problem is to determine the other pair of zeros of 
Z. Again, no calculation is necessary since the zeros of Z 
are natural frequencies when a voltage source is connected 
across a-h; that is, a-b is short-circuited. But the natural 
frequencies may also be calculated as the zeros of the ad- 
mittance across c-b, with a and b short-circuited. The latter 
network reduces to that shown in Fig. 12, where L, = 
L,L./(L, + L.) and C, == C, + C.. The pair of zeros 
is now evident as 3 L/tL.C,): 

We have specified the denominator of a system function 
as a characteristic polynomial. However, as we have seen, 
there are other polynomials that give natural frequencies 
for a different termination of the network; thus there is 
more than one characteristic polynomial. For a quadripole, 
in fact, there are four polynomials that give the natural 
frequencies of the network for any combination of open- 
or short-circuit terminations. (/9, 20) These four charac- 
teristic polynomials, plus two other polynomials that give 
the zeros of transfer functions, completely describe the 
network.t When the network is passive and reciprocal,* the 
two additional polynomials are equal, so that only five poly- 
nomials are needed for a complete characterization. Use 
of these polynomials is of theoretical value in synthesis (2/) 
and often simplifics computation. They are therefore dis- 
cussed below. Since the reader may also find these poly- 
nomials useful for problems involving active networks, for 
this discussion the quadripole is not assumed to be passive. 

Consider the quadripole shown in Fig. 13. The open- 
circuit driving-point impedance at port | describes the net- 
work with an open circuit at each port. Thus the denomina- 
tor of z,, is the characteristic polynomial for both ports 
open-circuited. Now consider the reciprocal of z,, as a 
system function; that is, as an output divided by an input. 
Thus the denominator of the admittance y = 1/z,, is the 
characteristic polynomial for port 2 open-circuited and 
port 1 short-circuited. A short circuit is required for port 
1 since defining y as a system function requires a voltage 
source as the input. 

Now let nj; represent a characteristic polynomial, where 
the first and second subscripts refer to ports 1 and 2, re- 
+ For ease of reference, though only four of the polynomials are actually 


characteristic polynomials, we can refer loosely to all six polynomials as 
characteristic polynomials. 

t We here use the terms reciprocal (and nonreciprocal) networks to designate 
networks that do (and do not) obey the reciprocity theorem. The reader 
should recall that reciprocal is also used to mean inverse; however, the 
context generally makes clear which meaning is intended. 
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spectively, and the subscripts may become s and o repre- 
senting, respectively, a short and open circuit at the desig- 
nated port. For example, n,, is the characteristic poly- 
nomial for the quadripole with port 1 short-circuited and 
port 2 open-circuited. Then the previous discussion estab- 
lishes that z,, == n,,/Mo,. We also let m,. and m,, repre- 
sent the polynomials whose zeros are the transmission zeros 
of the corresponding transfer functions. Then the open- 
circuit impedances may be represented by 


An argument similar to that used on z,, gives y,,; == My5/Mgz- 
Subsequent use of the relation of [z] to [y] and to the chain 
matrix gives the short-circuit admittances 


m 


Nes 


m 


Res Nes 


and the general circuit parameters* 


D 
Another important relationship, which follows from the 
determinantal relationship |z| == 1/|y|, is 


Tloollas Nsollos 


MyM) (48) 


Using Eq (48) now gives the determinant of the z’s as 


Myo 


Correspondingly, we obtain 


1D — BC =— 6) 


My 


Examination of Eqs (45) through (51) reveals several 
important properties. First, we note that any set of net- 
work functions such as the open-circuit impedances can 
be formed using only five of the polynomials; the sixth 
polynomial arises when the determinant of the set of func- 
tions is computed. Second, when this determinant is formed 
in the usual way, redundant cancelling factors occur, which 
thus results in the manipulation of polynomials of unnec- 
essarily high degree. Long division must be used to elimi- 
nate the redundant part of the numerator polynomials; 
this is evident in Eq (49). We thus observe that use of the 
common network functions tends to mask the polynomial 


* The minus signs arise because we adhere to our convention of defining the 
chain matrix with an output current / 4 whose positive direction is opposite 
that of Jo; ie, 1g = —le 
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manipulations and often causes unnecessary computation. 
Third, if the six characteristic polynomials of a quadripole 
are known, we can write all the conventional network func- 
tions directly and also form the determinants without 
tedious long division to cancel redundant factors. Fourth, 
if the network is reciprocal, m., m,. and only five char- 
acteristic polynomials are needed to characterize the quad- 
ripole 

We have spoken of the redundant factors that occur in 
the calculation of the determinant. It is also necessary to 
point out that our definition of the characteristic poly- 
nomials—for example, prescribing that the numerator of 
Zo» is the same polynomial as the numerator of y,,—implies 
that possible common factors have not been cancelled from 
the numerator and denominator of each network function. 
For example, if a natural frequency is apparent at port 1 
with both ports short-circuited—that is, the corresponding 
zero is present in n,,, the denominator of y,,, but not in 
N,,—then this zero is retained in n,, of y.. even when 
n,,, the numerator of y.., also possesses this zero. Thus, in 
order to have all the proper factors represented in each 
characteristic polynomial, nothing is done in the calcula- 
tion procedure to remove factors representing natural vibra- 
tions apparent at one end of the quadripole but suppressed 
at the other. We thus see that if the characteristic poly- 
nomials of a quadripole are given, we should not imme- 
diately conclude that a system function has a _ natural 
frequency at each of the zeros of the characteristic poly- 
nomial that forms its denominator; we must first check that 
the ratio of the two characteristic polynomials is in its 
lowest terms. 

To illustrate the determination of characteristic poly- 
nomials for a degenerate network, consider the passive 
quadripole shown in Fig. 14. Straightforward calculation 
gives 
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Fig. 14—Quadripole whose characteristic polynomials are to be 
determined. (Values in henrys and farads.) 
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Fig. 15—Ladder network. (Values in mhos, henrys, farads.) 
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Since the numerators of z,, and y,. must be the same poly- 
nomial, we introduce common factors to obtain 


1) 
1) 


a consequence, we also must use the representations 


s(s? + 1) 
(s? T 1)? 


We now associate the constant multiplier with any of the 
appropriate characteristic polynomials in order to define the 
polynomials uniquely. We finally have 


s(s? + 1) 


m s( Ss 


The determinants are given by direct calculation from the 
ZS as 


l s 
V (s? + 1) 


which checks the function given by Eq (56). 

We now indicate briefly in an example how the charac- 
teristic polynomials of a given quadripole can be deter- 
mined using a minimum of labor. By introducing a param- 
eter into the calculations, we need to calculate essentially 
only one driving-point function and one transfer function 
to obtain five of the polynomials; if the network obeys 
the reciprocity theorem, these five polynomials characterize 
the network. If the network is not reciprocal, the sixth 
polynomial is given by Eq (48) in the form 


(58) 


The transfer function may be represented by U,,/U,, where 
U,, is either a voltage or a current source and U,, is the 
voltage across the open-circuited port 2 or the current in 
the terminals of a short-circuited output port. We therefore 
write the functions to be calculated as 


‘ p(s .a) 
7 
q(s,a) 
I m l m 
l p(s ,a) 5 l, q(s,a) 


where a is a parameter that can be used to fix the output 
port at either short circuit or open circuit, and Z;,, is the 
input impedance at port | with U,,/U,, the corresponding 
transfer function. To obtain a unique set of polynomials, 
the multiplier of the denominator of U,,/U, is set equal to 
the multiplier of the corresponding polynomial of Z,,. 


e EXAMPLE 2. Determine the characteristic polynomials of 
the ladder network shown in Fig. 15. 

Solution: In the calculations the value of G4 is left un- 
specified, so that when G, is set equal to 2 mhos, an open 
circuit exists at port 2, whereas when G, is set equal to infinity, 
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port 2 is short-circuited. By working backwards from the 
output port (as previously shown in Example 1), we obtain 


gz — + Gs + 288 + (Gi + 6)8* + Gy + Ds +1 
= 4s5 + (4G, + 2)s? + (G, + Hs +1 

1) 
KE, 2s? + s 


Ko Ast + (AG, + 2)s° + (Gy + 6)s8* + (G 


With port 2 shorted we get 


Zin 


GQ, = & 
and with port 2 open we have 


4s? + 10s? 4 


= - — 
P ee 4s° + 10s? 4 


and reciprocity holds, the six characteristic polynomials 


Ngo = 484 + 10s* + 8s? + 48 + 1 
Noe = 487 + 8 

Nee = 48° + 8? +58 

Noo = 48° + 10s? + 68 4 


my = My = 2s? + 8 


For determining the performance of a quadripole formed 
by the interconnection of two or more quadripoles (which 
is discussed in detail in the next section), considerable labor 
can often be saved if the six characteristic polynomials are 
known for each of the component quadripoles. For ex- 
ample, suppose that the matrix of open-circuit impedances 


Interconnections 


Often in analysis problems it is necessary to deter- 
mine the parameters characterizing a quadripole that is 
formed by an interconnection of two or more component 
quadripoles. It is useful to be able to express these param- 
eters in terms of the parameters of the component quad- 
ripoles, which may be known or easily determined. (The 
use of characteristic polynomials was suggested in the pre- 
ceding section as one method of handling this problem.) 
In the converse problem of synthesis, these same relation- 
ships may be used to break down a given system function 
into simpler system functions, each of which may be realized 
by a component quadripole. The motivation in this case 
is to make the realization and interconnection of the quad- 
ripoles evident almost by inspection. We now discuss the 

. principles of the basic interconnections; we consider two 
component quadripoles but it will be clear that more than 
two quadripoles are treated by a straightforward extension 
of the principles. 

Quadripoles may be interconnected in any of the follow- 
ing basic ways: cascade, series, parallel, series-parallel, and 
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Fig. 16—Cascaded quadripoles. 


of the overall quadripole in Fig. 16 is desired. In terms of 
the open-circuit impedances of the component networks, 
z,, for the complete network is 


, 


+ (244222 = 291212) 


— . 
Zoe + 2 


” 
7 .F 
Z11<11 


11+1 


(60) 


where the primed and double-primed impedances refer to 
N’ and N”, respectively. The terms in parentheses are rec- 
ognized as the determinant of open-circuit impedances for 
N’. From Eq (49) it is readily seen that this calculation 
results in polynomials of unnecessarily high degree because 
of the presence of redundant factors. Such polynomials 
also occur in the calculation of [z] by use of the product of 
the chain matrices of the component quadripoles. The 
reader will find, furthermore, that similar redundant fac- 
tors are generated in calculations for other quadripole in- 
terconnections. Use of the characteristic polynomials per- 
mits the calculation of interconnection formulas in which 
such redundant factors are not present. For this case of 
cascaded quadripoles, the characteristic polynomials of the 
overall quadripole, in terms of the characteristic poly- 
nomials of the component quadripoles, are readily found 
to be 


” 


ilies , Tells 
Ny Noe + Sata 
= NosNon + NooNso 
= Fiala + asthe 
my, = mMyMy, 
my = MyM) 
The reader should carry out the calculations in different 
ways to convince himself of the efficiency of the method of 
characteristic polynomials. An example, in which the num- 


ber of arithmetic operations is counted for two different 
methods of calculation, is given in Reference (19). 


of Quadripoles 


parallel-series. Since the cascade connection is handled 
most naturally in terms of the chain-matrix parameters 
discussed in the section titled “General Circuit Parameters 

. . "—p 94, we say no more about it here. The other 
four connections are illustrated in Fig. 17. 

Suppose we wish to determine the parameters of the 
overall quadripole for each interconnection. The method 
for choosing the types of parameters proceeds from a 
recognition of the current or voltage variables that are 
common to N’ and N” in each case. We illustrate this 
method for the series and parallel interconnections, and 
show that an appropriate matrix addition describes the 
interconnection. However, we hasten to point out that the 
matrix obtained by matrix addition is not a valid descrip- 
tion of the overall quadripole unless a test is satisfied; this 
test is best described after the discussion of the parameter 
determination. 

In Fig. 17a the networks N’ and N” are connected in 
series at both their input and output terminals; conse- 
quently, their terminal currents are equal to the respective 
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currents of the composite nework, whereas the voltages of 
the composite network are equal to the sums of the com- 
ponent voltages. In symbols, we have 


EX 
E E. + E; (63) 


or E] | E”|. Thus, since the currents are common, 
the open-circuit impedance matrices are called for. Adding 
the respective left and right sides of the matrix equations 
/ Z / 
(64) 
/ 
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Fig. 17—Interconnections of quadripoles: (a) series, (b) paral- 
lel, (c) series-parallel, (d) parallel-series. 
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gives 
(O60) 

where 
(2) = [2’] + [2”] (67) 
By extension of the above argument, more than two 
quadripoles, whose corresponding ports are connected in 
series, form a composite quadripole whose open-circuit 
impedance matrix is equal to the sum of the component 
open-circuit impedance matrices. The short-circuit admit- 
tance matrix [y] is of course given by the inverse of [z]. 
Analogously, the networks of Fig. 17b have their corre- 
sponding terminal pairs connected in parallel so that their 

terminal voltages are common and 


vy] = [y’] L fy” (68 


Chis argument can again be extended to more than two 
quadripoles. Thus the short-circuit admittance matrix of 
the quadripole formed by connecting in parallel the cor- 
responding ports of two or more component quadripoles is 
given simply by the sum of the short-circuit admittance 
matrices of the component quadripoles. 

Che procedure for determining the matrices to be added 
is similar for the two other cases. For the series-parallel 
interconnection, the input currents and output voltages are 
common to N’ and N” so that the matrices to be added 
for each component quadripole is that of the mixed form 
of equations, which for N’ is 





Fig. 18—Parallel and series interconnections of quadripoles for 
which the method of matrix addition is not valid. 
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Similarly, the parameters tor the parallel-series intercon- 
nection are given for N’ by 


In the section titled ‘Network Considered as a Black Box 

we did not discuss these sets of equations using 
mixed variables, but they can be easily obtained from any 
of the other sets. (/3) 

It is now possible to discuss the test that must be satis- 
fied. In order for the matrix additions to be valid, the 
current leaving one terminal of a port must be the same 
as that entering the other terminal. This is evidently true 
for a component quadripole considered by itself; it must 
continue to be true when the quadripoles are intercon- 
nected. In other words, a component quadripole standing 
alone is described by a set of parameters; when intercon- 
nected, these parameters must continue to describe this 
quadripole. 

It is easy to find illustrations in which the method of 
matrix addition is not valid; two are shown in Fig. 18. In 
each case, elements are shorted by the interconnection. 
For example, for the series connection of Fig. 18b, 


R R 


However, [z] of the composite quadripole is not given by 


since after the interconnection the effective [z’’] 


These simple cases can be changed without difficulty to 
make the method of matrix addition valid. In the parallel 
connection of Fig. 1 8b, if we remove the series resistances 
from the bottom branches of the upper network and add 
these to the series resistances of the respective top branches, 
its behavior as a quadripole will be unchanged. In this 
form it may be placed in parallel with the lower network, 
and calculation shows that Eq (72) now holds; i.e., that 
matrix addition is valid. The networks in Fig. 18b can 
be modified similarly to do away with the short-ci:cuiting 
action, and the interconnections for which the matrix is 
now valid are shown in Fig. 19. 

However, in more complicated cases the lack of validity 
and the remedy for it may not be evident. A general test 
is needed. We should recognize first that the cause of the 
current imbalance after the interconnection—that is, the 
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Fig. 19—Modification of component quadripoles of Fig. 18 so 
that matrix addition is valid. 


Fig. 20—Interconnections showing presence of a circulatory 
current that destroys validity of matrix method. 


current leaving one terminal of a port is not the same as 
that entering the other terminal—is a circulating current 
between the quadripoles, as shown for the series and 
parallel interconnections in Fig. 20. If the circulatory cur- 
rent is zero, the matrix method will be valid. 

The test may now be formulated as an examination of 
the voltages around the loop in which the circulatory cur- 
rent flows. Consider the parellel interconnection. The addi- 
tional voltage to be considered is that between terminals 
1’ and 2’, shown for N’ in Fig. 21. Inspection of the 
parallel connection shows that if E;,., is equal to the 
corresponding voltage in N”, the total voltage and hence 
the current around the loop will be zero The condition 
for validity is therefore 


Evi = Eyn (75) 
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The two parts of the test may be interpreted physically 
as shown in Fig. 22, where the voltage defined by E is re- 
quired to be zero. It should be evident that if E ~ 0, con- 
a,b, + a,/ (76) necting the output ports in parallel will cause a circulatory 
current to flow. These two tests, which for many cases 
may be carried out by inspection, replace the necessary 

j and sufficient conditions of Eq (78). 
Since I FE, and E, E, for the parallel connection, A corresponding discussion holds for the series inter- 
the necessary and sufficient condition for E,.,, to be equal connection of quadripoles. Here the currents /, and /, are 
to £y,. Is considered as sources and the voltages that must be equal 
for the circulatory current to be zero are 


Eyre = bi; + B22 (81) 


If we consider E; and E, as sources, we can express 


us 


EY a, £, +26, (77) 


By the use of the principle of superposition, these con- and 


ditions may be applied to any given problem. First we let iE cf +r (82) 
f E. 0—i.e., the ouput ports of N’ and N” are 
separately short-circuited and the input ports of N’ and N” 
are connected in parallel. Then, if Eq (75) is satisfied, 
this means that b b; 

b b; (83) 


These voltages are shown in Fig. 23. The necessary and 
sufficient conditions are given by 


a a, (79) 
Again superposition is used to determine whether each 
of the above conditions is satisfied. We first let /, 0, and 
then let /, 0; in each case we check whether a single 
voltage is zero. The two tests are given a physical interpre- 
a,=a (80) tation in Fig. 24. If E 0 in both cases, the validity test 
and thus the two conditions are satisfied is satisfied. It is now possible to apply these tests to the 
connections in Fig. 18 and observe that they are not satis- 

fied, whereas those in Fig. 19 do satisfy the tests. 
The tests for the parallel-series and the series-parallel 
connections use one of the parallel and one of the series 


Now we reverse the networks—i.e.. let FE, and E, be 
shorted, whereas the ports 2-2’ of N’ and N” are con- 


nected in parallel. Now, if E,,. E,.2, we have 


Fig. 21 —Sketch indicating additional voltage to be considered 
to determine validity of matrix method. 
o—- - 


Fig. 23—Series connection defining the voltages around the 
center loops. 


Fig. 22-Demonstration that E = 0 is the condition for the Fig. 24—Demonstration that FE 0) is the condition for validity 
validity of matrix analysis of the parallel connections. of matrix analysis of the series connection. 


104 ELECTRICAL MANUFACTURING 





Fig. 25—The validity test for matrix analysis of the parallel- 
series connection. 


tests. For example, the parallel-series tests are illustrated 
in Fig. 25; it should be clear from the figure that the 
voltages that must be equal to guarantee E 0 are now 
Ej, and E,,,,. The reader can now formulate these two 
cases for himself. 

It is possible that these tests are not satisfied and that 
the artifices used to convert Fig. 18 to Fig. 19 do not help. 
Then ideal transformers with a 1:1 turns ratio may be 
used at either the input or the output ports. An ideal trans- 
former forces the current entering one terminal of a port to 
be equal to the current leaving the other terminal. Since 
the currents entering and leaving the terminals of a port 


Sea 


(b) 


Fig. 26—Methods for using “ideal transformer” to validate 
matrix analysis. 


of the overall quadripole are equal, it is necessary to use 
only (n — 1) ideal transformers for an interconnection of 
n quadripoles. The schemes for connecting the ideal trans- 
formers for the series and parallel interconnections are 
shown in Fig. 26. 


Topology or Linear Graphs as a Tool in Analysis 


In this section and the next we take up the description 
of networks in terms of their geometry. The mathematics 
used for this geometrical description is topology. Only the 
basic concepts of combinatorial topology, however, are 
necessary for network applications (namely, the elementary 
properties of linear graphs), but knowledge of these con- 
cepts yields rich rewards for both analysis and synthesis. 

Instead of considering the network, we consider merely 
its graph. A graph may be defined in an abstract way as a 
finite collection of two types of objects—a set of points 
called nodes or vertices, and a set of arcs, or line segments. 
Each arc is associated with two nodes, and each node may 
be associated with any non-negative number of arcs. An 
arc plus its two nodes is called a branch. The association 
relation between the two sets of objects is defined as inci- 
dence. Therefore, we see that the only important data of a 
graph are the two numbers—the number of vertices, n;, 
and the number of arcs, b—and the incidence relations; 
namely, the statement of what nodes are associated with 
(or are endpoints of) what branches. Also, for purposes of 
study, we introduce orientations for the branches; that is, 
we arbitrarily choose a positive direction for each branch. 

Now, more concretely, the graph of a network may be 
drawn very simply. First we remove all sources from the 
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network; this is done by shorting all voltage sources and 
open-circuiting all current sources. We then replace each 
element by a branch; the two terminals at the end of each 
element form what we have called the nodes. It is clear 
that when two elements are connected together, two nodes 
coincide and become one. As an example, the graph of the 
resistance network of Fig. 27a is shown in 27b. 

We now count the number of branches b and the total 
number of nodes n,. From these two simple counts we 
can determine the number of equations needed to describe 
the equilibrium of the network. If we use n to denote the 
number of independent node-pair voltages and / the num- 
ber of independent loop currents, we find that 


n n l 


(84) 
l b n b ne +l 

We can derive these equations by use of a tree. However, 
before we consider trees we should define a complementary 
subgraph or a complement. A part of a graph that con- 
tains only some of its branches is called a subgraph. If a 
graph is divided into two subgraphs with no common 
branches—that is, all the branches of the graph that are 
omitted from the first subgraph are included in the second 
and only these branches appear in the second—then the 
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subgraphs are termed complementary or one subgraph is 
said to be the complement of the other. 

Now let us consider the concept of a tree, which is a 
central one for the characterization of graphs. For ex- 
imple, the determination of a set of independent node-pair 
voltages or loop currents sufficient to characterize the equi- 
librium of a network is facilitated by the use of the tree; 
1 tree also has important uses for synthesis 

\ tree is defined as a subgraph formed by any set of 
wanches of a graph that connects all of the nodes but 
does not form any loops. Or, in other terms, a tree is any 
et of branches whose number is just sufficient to connect 
ill of the nodes. It is thus a connected network containing 
no loops. By a connected network we mean that a path 
‘long branches of the network exists between any pair of 
nodes; thus, there are no isolated nodes. Any network that 
is not connected Is said to have two or more separate parts 

(he number of branches in a tree is equal to n 
this, we can think of a method of forming a tree in which 
every branch that is added except the first starts from an 
ilready contacted node. The first branch connects two 
nodes, and every succeeding branch connects only one ad- 
ditional node. Since there are n, nodes, the number of 
which we have 


Io see 


branches required is equal to (n ye 


defined as n 


Resistance network and its graph. 


It is easily seen that in general a tree is not unique, a 
number of them being possible for a given network. For 
example, two trees of the graph in Fig. 27b are shown in 
Fig. 28. It is evident that the tree divides the complete net- 
work into two sets of branches—the tree branches and all 
the others, which we call links or link branches. Since there 
is a total of 6 branches in the graph and n of them are tree 
branches. the number of links is 1] = (6 — n). This is the 
same / as was used in Eq (84), where / was the number 
of independent loop currents. The same letter is used be- 
cause, as we shall see, the two numbers are identical. 

We can call the subgraph that contains the link branches 
the tree complement, or more briefly, the co-tree. Each tree 
has its own complement and therefore there are as many 
distinct co-trees in a graph as there are trees. We shall use 
the letter 7 to indicate the number of trees or the number 
of co-trees. 

By use of the tree concept we may easily find a set of 
independent loops sufficient for describing the equilibrium 
of a network. We first choose any tree and then remove all 
the links but one from the graph of the network, where by 
removal of a branch we mean open-circuiting the branch 
and thus decreasing the number of branches in the graph 
by unity. In this subgraph only one loop will be present 
whose current may be identified in magnitude and sense 
with a link current. For example, for the tree in Fig. 28a 
and link number 6 we have a loop current defined, and 
for link 3 we have another loop current; these are shown 
in Fig. 29. In this way each of the link currents will define 
a different loop current. 

To demonstrate that the insertion of each link defines a 
different loop, we observe that the nodes of each link have 
a path formed by branches in the tree. This tree-branch is 
necessarily unique for each node pair, since otherwise the 
tree would itself contain a loop. Thus each link, together 
with its tree-branch path, forms a different loop. 

Since the link currents may be arbitrarily assigned, they 
are all independent and, as can easily be proved, all the 
tree-branch currents are uniquely determined as functions 


/| 


/ 


o 


Oo 
3 


Iwo trees of the graph in Fig. 27b. 


Fig. 29—Graphs illustrating the identification of link currents 
as loop currents. 
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of the link currents. Thus the / loop currents determined 
by use of the tree form an adequate set for analyzing the 
network. Or, in the language of mathematics, the link cur- 
rents are linearly independent and span the space of branch 
currents—i.e., they form a basis of the vector space of 
branch currents. 

Analogously, on the node basis the tree-branch voltages 
form a set of m independent node-pair voltages adequate 
for describing the equilibrium of a network. Thus the im- 


portant fact becomes clear that a tree allows a simple 
choice of independent variables to be made for loop or 
node analysis. 

It is convenient to represent a branch, a tree, or any set 
of branches analytically—that is, assign a value to it. We 
shall do this by saying that a subgraph is equal to or repre- 
sented by the product of its branch driving-point functions; 
we shall use the impedances. For example, the tree in Fig. 
28a is equal to R,R.R-R-; its co-tree is equal to R.R,R,. 


Kirchhoff’s Application of Linear Graphs for Analyzing a Network by 
Inspection 


With the preliminaries considered in the previous section, 
we are now in a position to state Kirchhoff’s Rule or what 
could be called Kirchhoff’s Third Law. (22) This law al- 
lows us to write down the system function of any RLC 
network almost by inspection. For simplicity, we shall state 
the law for a resistance network, but it applies for any 
RLC network without transformers: in other words, the 
law holds if for each R;, we substitute a general impedance 
Z;, = Ry + Lys + 1/C,s. 

Consider any connected resistance network with n,; nodes 
and b branches. If a voltage source E, is inserted in a 
branch R, of a resistance network, and J, is the current 
in any branch R,, then the admittance is given by 


a (85) 


where 


If the voltage source is in the same branch as /,, (that is, 
g = /h), a driving-point admittance is obtained; otherwise 
the function is a transfer admittance. 

The symbols that we mentioned in the section on “To- 
pology or Linear Graphs . . . ” are used here, except for 
p: T is the total number of different trees or co-trees, / is 
the number of links, and p is defined later. 


Now, consider the first summation. R,,, is the resistance 
of the kth link of the cth co-tree. Thus a term in the sum- 
mation for D is the product of the resistances of all the 
link branches of a co-tree of the network and the summa- 
tion is carried out over all sets of co-trees. In short, D is 
equal to the arithmetic sum of all the co-trees. A term of 
N,, on the other hand, represents the product of the re- 
sistances of a set of (1 — 1) branches whose removal from 
the network leaves a subgraph containing only one loop 
that includes as its branches both R, and R,. Thus, Rx, is 
the resistance of the kth-branch of the complement of the 
dth subgraph with the specified property. The number of 
these subgraphs we denote by p, where p < T. 

The associated sign of a term of N,, is positive only if 
the assumed positive reference directions of E, and J), are 
in the same sense. If, for an assumed direction of traversing 
the loop, both the positive directions of E, and J, are 
confluent with the direction of traversal, or both are op- 
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posed to this direction, then the sign on the corresponding 
term is positive; otherwise the sign is negative. Therefore, 
N,, is the algebraic sum of the complements of all the dif- 
ferent subgraphs of , branches that possess only one loop, 
which loop contains both R, and R, as branches. That is, 
the subgraph must yield a tree in both of the following 
cases: when R, is removed from the subgraph and when 
R,, is removed. It should be clear in regard to the signs of 
the terms of N,, that all of the terms will have the same 
sign if R, and R, have a common node, since in this case 
I, will always flow through E, in the same direction. 

Some important properties of a system function are thus 
made clear. The numerator and denominator are homoge- 
neous polynomials in the branch resistances R; of degree 
(1 — 1) and ], respectively. They are also linear in each 
individual R;.; in other words, they are sums of the products 
of (1 — 1) and / different R;, values. Also, each term of N,, 
since it is the complement of a subgraph containing R,, 
does not itself contain R,; therefore, the numerator of the 
voltage-ratio K is defined by 

iO oaka Ri lh RIN, nie 

A E/E, k, D (87) 

so that it is still linear in the R;, and is now a homogeneous 
polynomial of degree /. 

Now we can go back to apply the law to the resistance 
network shown in Fig. 27a. Suppose that we wish to de- 
termine J,, the branch current in R., whose positive direc- 
tion is shown in Fig. 27b. To find the denominator we can 
draw all the trees and then the corresponding co-trees. 
However, the question arises: how many will there be? 
That is, how many terms will appear in the denominator? 
Since b = 7 and n = 4, it is clear that the maximum pos- 
sible number of trees is given by the number of combina- 
tions of 7 things taken 4 at a time, or 


wl 


: 31 ry 7(5) = 35 (88) 
But not all of these will yield trees; for example, the 4 
branches R,, R., R, and R, do not form a tree. 

We can determine the number of trees precisely by mak- 
ing use of what is called the reduced incidence matrix. This 
matrix can be obtained by using Kirchhoff’s current law 
at each of n nodes; i.e., we assume that we are going to 
solve the circuit by use of node-to-datum admittance equa- 
tions. For the graph in Fig. 27b, considering currents going 
into a node as positive and writing the equations for nodes 
a, b, c and d in order, we obtain 


-J, — Js — J; 
Ja+ Je — Jr (89) 
Jo — Jy Js 
I+ -— Je 





matrix of the coefficients of the branch cur- 
rents, we get the reduced incidence matrix. Let us denote 
the matrix by A. The equations can therefore be written 
in matrix form as 


Forming a 


AJ) = 0 


\ is a 4 x 7 rectangular matrix, J] is the column 
the seven-branch currents, and 0 is the zero 
vector. Now, if we multiply .\ by its transpose and take 
the determinant of the matrix the 
number of (23) Therefore, 


(90) 
where 
vector of 
obtain 


product, we 


trees 


r \ \ (91) 

A little about the form of the matrix 
product shows that it is not actually necessary to carry out 
this multiplication in order to find the symmetrical deter- 
minant 7. Its elements, 4,,, may be written down by in- 
spection of A or of the network graph. We find that the 
elements of 7 are given by 


thought above 


j 


number of branches that touch mod 


(number of branches in mode 


to node k) ( = k) 


that j (92) 

[he problem of finding the number of distinct trees in a 
vraph reduces therefore to the expansion of a single de- 
terminant of order n whose elements written 
down by inspection of the graph 

Now, returning to the resistance network problem, we 
see that for the numerator we get 5 terms: namely, those 
corresponding to the complements of the subgraphs shown 
in Fig. 30. Therefore, we have 

\ RR, RR RR RR RoR, 
By calculating T we find that D consists of 24 terms. Each 
will be of degree 3; for example, two of its terms corre- 
sponding to the co-trees of the two trees shown in Fig. 28 
are R RR, and R,R es 

Just as there is a simple method for finding the nuniber 
of terms in the denominator (and, it should be mentioned, 
a direct method for actually enumerating the trees), there 
is also a simple method for finding the terms N,. After 
the sum of the co-trees D has been found, we pick out 
those terms of D that contain R, and then divide each of 
them by R,; this forms one set of terms. Similarly, a second 
set of terms is formed by dividing by R,, those terms of D 
that contain R,. The common terms in these two sets are 
the terms of N,,. The signs of the terms are then determined 
in the usual way. Of course, when a driving-point function 
is being calculated, g = h and we have only to look for 
the terms in D that contain R,. 

Looking back at N,, we note (as we mentioned pre- 
viously) that none of the terms in the numerator can con- 
tain R,, since R, must occur in the loop of the subgraph 
formed from a tree plus one branch, for which each term 
of N,, is the complementary subgraph. Therefore, for the 
voltage ratio K, we have 


are easily 


(93) 


J 
J 
A 


Fig. 30—Subgraphs that yield terms in the numerator N 
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and each term of the numerator is now a co-tree and hence 
is a term of the denominator with the same unit coefficient 
(but in N,, the coefficient may be negative). For a three- 
terminal network (that is, the grounded two-port) the 
terms in the numerator will always be positive. Therefore, 
we see that the denominator is never smaller than the nu- 
merator and that 


(95) 


In other words, the voltage gain of a 3-terminal resistance 
network is always non-negative and not greater than unity. 

Now we can see 2n ingenious application of these results. 
Suppose that instead of the resistances we have a general- 
ized impedance branch without any mutual inductance, 
that is, each R, in the network substitute a three-ele- 
ment impedance Z., where Z;, is given by 


for 


| 
Cys 


Be R (96) 
In our formulas we can now merely substitute Z, for the 
corresponding R,. and the rules still hold. Where does this 
lead us? More specifically, can we now say 


(97) 


But s is a complex variable. What therefore do we mean 
by this? The relationship makes sense if we add 


o 0 (98) 


since, for s real and non-negative, each Z;, becomes a non- 
negative real number—that is, a resistance. 
For an application of this relationship, suppose that 


4h (s sis — $2) cee 
= I] I 
(s s))(s Sg). 


y POs) (99) 
qs) 

for a grounded two-port, and we want to find the maximum 
possible value of the gain level H. Kirchhoff’s Rule for 
resistance networks gives it to us, if we let the complex 
variable s be real and non-negative. Since, for any par- 
ticular o each Z;, is a non-negative resistance, we have a 
resistance network all over again. If we now let the para- 
meter o vary, we get a curve; for every o the value of 
E,,/E, must stay within the gain limits for resistance net- 
works. Thus the maximum H will be determined by the 
maximum of p(s)/q(s). This allows us to obtain 


Hoes * ( q(s) ) 
ps) 


(100) 


Fialkow and Gerst demonstrated (24) this result by a 
much more complicated determinantal method a few years 
ago. Furthermore, not only this result but all of the neces- 
sary conditions on a transfer ratio may be obtained merely 
by the use of Kirchhoff’s Rule. (22) 
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Symbolic Notation for Matrix Analysis of n-Port Networks (25) 


In “Network Considered as a Black Box .. . ” we con- 
sidered the open-circuit impedance and the short-circuit 
admittance matrices for characterizing an n-port network. 
These two matrices illustrate the fact that the properties 
of an n-port may be described by any set of n independent 
equations between the 2n variables involved; i.e., the n 
voltages and the n currents at the network ports. Any such 
system is represented by a matrix of its coefficients and is 
best adapted for some particular terminations of the net- 
work. The short-circuit admittance matrix, for example, is 
particularly suitable if all ports are either fed by voltage 
generators or short-circuited, whereas the open-circuit im- 
pedance matrix describes a network with current genera- 
tors or open circuits at all ports. In practice, however, other 
terminations of an n-port are possible, and it may be neces- 
sary to deal with a considerable number of different repre- 
sentations. Since the task of representing or evaluating the 
numerous coefficients may prove extremely laborious, it is 
desirable to find some direct method for doing this. 

Such a method of symbolic notation has been discovered 
by Cederbaum. The notation is compact and generalized, 
and the technique for using it can be learned by simple 
mnemonic rules. Since it is particularly valuable for the 
analysis of feedback systems, no assumption is made about 
the symmetry of the matrices; that is, the matrices con- 
sidered do not necessarily obey the reciprocity theorem. 

As is usually true of generalized techniques, the major 
applications of this technique appear to be for deriving 
general network theorems and properties rather than the 
solution to particular problems. The new representations 
are obtained without going through a sequence of mathe- 
matical operations that obscure the behavior of the net- 
work under changes in operating conditions; thus an insight 
is gained that may be useful for synthesis. 

The elements of the desired matrix are obtained essen- 
tially by three steps. First, using the given data on the new 
sets of known and unknown variables, we write a symbolic 
matrix, each of whose elements is an index pair. This 
matrix may appear formidable at first sight; in actual fact, 
however, it is simple to set down. Second, we “multiply” 
each index pair by the same principal cofactor to obtain 
a matrix of cofactors. This operation requires the applica- 
tion of the simple rules mentioned previously. With a little 
practice, the multiplication may be carried out mechani- 
cally and almost by inspection. Finally, the matrix is 
divided by the principal cofactor previously used to operate 
on the index pairs. The final matrix is thus in the form of 
a matrix of cofactors divided by a principal cofactor. To 


Fig. 31—A four-port network. 
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obtain the coefficients as explicit rational functions, the 
cofactor elements of the matrix must still be evaluated. 
For this reason the total computational labor involved may 
not be less than the labor in other methods (e.g., matrix 
methods of elimination of variables). (26) 

In presenting the method, we illustrate its application by 
several examples of networks with various combinations of 
independent variables, and then derive some theorems 
whose verification is yielded simply by this analytic tech- 
nique. 

The results we are about to derive hold for the general 
n-port network, but for illustrative purposes we consider 
the four-port network shown in Fig. 31. We can start with 
any given matrix representing the four-port. We discuss 
the most usual ones, first [z] and then [y]. Let the open- 
circuit representation of the four-port be 


zuly + 2 Zi3l, 4+ 
zal + 20012 nls + 
Zul + z0Fe Ty + 
zaly + 2% + 2 { 


(101) 


We assume that a current source is applied to each of the 
ports, and that each equation represents a port voltage as 
a superposition of the effects of all the current sources. 
In other words, the currents are the known variables and 
the voltages are the unknown variables. 

Now, suppose a mixed set of generators is applied to 
the four-port network. Specifically, let voltage generators 
be applied to ports 1 and 3 and current generators to ports 
2 and 4. For this situation the appropriate set of equations 
is 

I aynky + ayk. 
I ank, + ak. 
Ee = tyke + Cok: 
By = enky + eyk: 


biele + dials 
byole + baal, 
deol + dol, 
diols + dal, 


(102) 


It is evident that a different letter coefficient has been used 
for each different type of system function; e.g., the a’s are 
admittances and the b’s are current ratios. Each coefficient 
also implies a specified termination; e.g., b,. is the current 
ratio /,//., (i.e., 1, the response and /, the source) with 
ports 1 and 3 short-circuited and port 4 open-circuited, 
and d., is the transfer impedance E./1, with port 2 open- 
circuited and ports 1 and 3 short-circuited. 

The set, Eqs (102), may be obtained by solving the first 
and third Equations of (101) for 7, and /, and then sub- 
stituting these values into the second and fourth equations. 
By carrying this out it can be checked that Eqs (102) can 
be rewritten in terms of algebraic complements of specified 
minors (or, as they are also called, signed minors or, most 
simply, cofactors) of [z], the matrix of coefficients in Eqs 
(101). Before giving this representation we define some 
notation. 

We use here a subscript and superscript notation for co- 
factors. If G is used to represent the determinant of the 
open-circuit impedance matrix, then we denote the cofac- 
tor* corresponding to the rows k,l,m, . . . and the columns 


*Such cofactors arise, for example, in the Laplacian expansion of a 
determinant in terms of the minors of a set of rows. (27) The reader 
should recall that if k,j,m, - and r,s,f, . are each in ascending 


order of magnitude, the sign appended to the cofactor G cf. is given 


by (—1) thems +. If the subscript or superscript indices are not in 
natural order, the total number of transpositions to achieve this order in 
the set of subscripts and the set of superscripts must be counted. [A trans- 
position is the interchange of two indices in a permutation without alteration 
of the rest, as when (13425) becomes (13524) by the interchange of 4 and 
5.) If this number is odd, the sign of the cofactor as determined by 
(—1) h+limr..-tres+tyes. is changed; if it is even, the sign is unchanged. Thus 
we have 


resets. 
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(SA i Ge This cofactor is the signed minor of 
the submatrix obtained by deleting rows k,l,m,... and 
columns r,s,t,... from the original matrix. Using this no- 


tation, we can now write Eqs (102) as 


4 
Gol 


Ihe above results can given symbolic matrix 


equation 


(104) 


vhere the square matrix on the right side has index pairs 
as elements, and a “product” (or operation) of an index 
pair by a cofactor obeys the simple reduction rules given 
below (with proper attention paid to the sequence of in- 
dices). It is often convenient to refer to the square matrix 
as the kernel of this representation. 

[he reduction rules for multiplying a cofactor by an 
index pair are 


e Introduction of one index into the superscripts and 
one into the subscripts. When the upper index and the 
lower index of an index pair do not appear in the sub- 
scripts and superscripts, respectively, of the cofactor multi- 
plied by the pair, the upper index is introduced as the first 
index of the superscripts and the lower index as the first 
index of the subscripts of the cofactor. Thus 


(105) 


We see that the order of the cofactor is decreased by unity 
in this Operation; that is, the resulting cofactor has one less 
row and one less column. 


© Substitution for an index in the subscripts. When the 
upper index of an index pair appears in the subscripts of 
the cofactor multiplied by the index pair, but the lower 
index does not appear in the superscripts, then the lower 
index is substituted in the subscripts for the index that is 
the same as the upper index. More precisely, 


| Ll) aut ‘ arnt 
i ? Gkim | Ihim... (106) 


In this operation the order of the cofactor remains the 
same. 


e Substitution for an index in the superscripts. When 
the lower index of an index pair appears in the superscripts 
of the cofactor multiplied by the index pair, but the upper 
index does not appear in the subscripts, then the upper 
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index is substituted in the superscripts for the index that is 
the same as the lower index. In precise terms, we have 


Gr? (107) 


\gain, the order of the cofactor 1s unchanged. 


e Elimination of one index from the subscripts and one 
from the superscripts. When the upper and lower indices 
of an index pair also appear respectively in the same posi- 
tion in the subscripts and superscripts of the cofactor 
multiplied by the index pair, each of these indices is Te- 
moved from the subscripts and superscripts. This operation 
is stated precisely by 


(108) 


lhe order of the cofactor is increased by unity; that is, the 
resulting cofactor has one more row and one more column 
than the original cofactor. Of course, this technique also 
allows indices to be removed that are not in the same posi- 
tion in the subscript and superscripts; the necessary trans- 
position is first carried out to bring the indices to the same 


position. For example, since 


we have further 


; Gk C109) 


The reader cun now verify that the use of these rules 
converts Eq (104) to Eq (103). 

Inspection of Eq (104) leads to a number of observa- 
tions. The upper index in each element of the square mat- 
rix is common to the whole row and equals the index of 
the corresponding element of the vector on the left side, 
whereas the lower index is that of the corresponding ele- 
ment of the vector on the right side of the equation.* We 
also note that if the kernel is partitioned conformably with 
the partitioning of the vectors of the variables into currents 
and voltages as indicated in Eq (108), the elements of the 
bottom left submatrix are negative, whereas the remaining 
index pairs have a positive sign. Since it is not necessary to 
order the voltages and currents as in Eq (104), it is im- 
portant to note that the system function corresponding to 
each of the negative index pairs is a voltage ratio. 

Thus, when we start with the open-circuit impedance 
matrix as the original known matrix, as has been done here, 
the index pairs corresponding to voltage ratios are prefixed 
with a negative sign. Finally, the cofactors appearing on 
both sides are the same; each is a principal minor with in- 
dices corresponding to known currents (or unknown volt- 
ages). In the illustrative example being considered, all of 
these currents appear in the vector on the right but, as 
can easily be seen, this situation is not necessary. We may 
be interested in a relation between some (but not all) of 
the currents and voltages with each of the other ports open- 
or short-circuited. For example, we may desire to obtain a 
set of two equations from an n-port set. Then the open- 


* It is also noted that in the above representation each element on the main 
diagonal of the kernel has equal upper and lower indices. This is not a neces- 
sary property, but comes about only because we have used the same per- 
mutation for the subscripts of the vectors on each side; this ordering is 
merely for convenience. It is even possible, as we shall see later in an 
illustrative example, that the kernel can be a rectangular matrix at the start 
of a problem; thus the number of variables and the identifying subscripts 
can be different for the left and right vectors. It should be noted, finally, 
that writing the indices of the cofactors in the same order as the known 
currents is again merely a matter of convenience. Any convenient order may 
be used for the set of subscripts and set of superscripts of the cofactors. 
as long as they are the same for both sets; since the cofactor is a principal 
minor, the number of inversions of natural order is always even, and thus 
the appended sign for the cofactor is always positive 
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circuited ports are also considered as known currents, as 
indeed they are, since the currents are zero. 

The symbolic notation and the rules apply only for those 
systems in which at each port one of the variables—cur- 
rent or voltage—is fixed and the other unknown.* Let us 
now consider a general case of this type where the cur- 
rents /,,,/;, I, and the voltages F;,,E),...,£, are to be 
expressed in terms of the known voltages E,,F),.. .,£), and 
the known currents /;,,/;, . .. ,J,, respectively, with a,b, .. ., 
BIA, . 6; s representing some permutation of the indices 
1,2,3,...,n. In a manner similar to the representation used 
in Eq (104), we have 


(110) 


The kernel has been partitioned merely to direct atten- 
tion to the different dimensions of the matrix elements. 
The elements of the left-top submatrix are transfer or driv- 
ing-point admittances, and those of the right-bottom sub- 
matrix are transfer or driving-point impedances, whereas 
the elements of the right-top and the left-bottom sub- 
matrices are the current and voltage ratios, respectively. It 
should also be emphasized that each of the voltage re- 
sponses is a voltage across an open-circuited port (since 
a current course is applied to the port—that is, the cor- 
responding current appears as a known variable in the 
column vector on the right—or the port is open-circuited 
without any applied source) and dually, each current 
response is the current in a short-circuited port. Again we 
note that only the index pairs corresponding to voltage 
ratios have negative signs. 

With reference to Eq (110), we now summarize the 
method of writing the symbolic equations in terms of the 
cofactors of the open-circuit impedance matrix. 


1) Arrange the known variables in the column vector on 
the right and then arrange the unknown variables in the 
vector on the left. (It may be convenient, if this is possible, 
to order the subscripts in both vectors in the same way.) 

2 Form the matrix of index pairs. The upper index in 
each pair is common to the whole row and equals the index 
of the corresponding element of the unknown vector on the 
left; the lower index is that of the corresponding element 


* This is the case that arises almost invariably in practice. If we permit 
systems of equations in which at some ports both current and voltage are 
fixed (and thus at some other ports both must be unknown), the reduction 
rules assume more complicated forms. We do not consider this case. 
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of the vector of known variables on the right. Each of the 
index pairs that corresponds to a voltage ratio has a nega- 
tive sign; all.of the others have positive signs. 

3) The cofactors on each side are the same principal 
minors. The subscripts and superscripts of the cofactor are 
ordered in the same way and contain the subscripts of the 
known currents in the vector on the right (or the unknown 
voltages). If all 2m variables are also variables of the de- 
sired set of equations, the cofactors have no additional in- 
dices. However, if some of the variables are not included in 
the new relationships—that is, some ports are open-cir- 
cuited or short-circuited with no current or voltage genera- 
tors applied—then the subscripts and superscripts of the 
cofactors have the indices corresponding to the open-cir- 
cuited ports in addition to the indices corresponding to the 
current sources. 

An important property of the symbolic representation 
now becomes clear; namely, the invariance of the kernel 
with respect to changes in the terminations at the ports 
where no sources are applied. The matrix of index pairs is 
dependent only on the variables occurring in the two col- 
umn vectors; changes in the terminations affect only the 
cofactor whose indices correspond to the ports that have 
current sources and those that are left open-circuited with- 
out sources. Thus, for example, consider the relation be- 
tween the vector (/,, E,, E,) and the known vector 
(E,, 1,, 1,) of an n-port, where n > 3, with all the remain- 
ing ports either short- or open-circuited: 


/ 1 


ky ‘3 I, 


It is evident in Eq (111) that the ports corresponding to 
the vector components determine the kernel, which is un- 
affected by any changes of terminations in the other ports. 

A discussion using dual concepts applies to the short- 
circuit admittance matrix. If we start with a set of equa- 
tions containing this matrix and let H represent the de- 
terminant of the matrix, we obtain the matrix equation 
dual to Eq (110): 


7 


E, 





Gut 
a (118) 
4kl. 

Equations (115) and (116), with both port indices equal 
so that the response is calculated at the port where the 
generator is applied, cover also the remaining two cases of 
driving-point admitiances and impedances, respectively, 
but the sign in Eq (116) must be made positive. 

Now, to illustrate the application of the symbolic nota- 
tion, we consider some examples. First, we check the sim- 
ple rule (given under “Open-Circuit Impedances . . . "— 
p 93) for the effect of deleting rows and corresponding 
columns of an open-circuit impedance matrix. Consider the 
open-circuit impedance equations 


E) = [z] 1) (119) 


where [z] is a fourth-order matrix. Now suppose we are 
interested merely in the open-circuit impedance matrix for 
the two-port corresponding to the matrix obtained by de- 
leting rows 3 and 4 and columns 3 and 4. We should get 
the same matrix equation by using the symbolic notation 
for ports | and 2 driven by current sources and ports 3 
and 4 open-circuited; more specifically, we have 


(120) 


Git! ! 

a ow 
Since the cofactor of the determinant of [z]—i.e., 
is unity, Eq (120) becomes 


which verifies the rule. 

A problem that occur. often is the evaluation of the 
open-circuit impedance equations for a quadripole derived 
from a network whose loop equations are known. (26) The 
loop equations are given by 


E) = (3) 0) (122) 


where the typical clement of [Z] is ¢;,, Lis + Re + 
1/(C;,s) and the order of [2] is equal to /, the number of 
loops. Now suppose that only loops 1 and 2 have genera- 
tors so that E] has only two non-zero elements E, and E.,. 
If a quadripole is formed by bringing out the sources E, 
and E,, as ports, its equations may be determined by elimi- 
nating the currents /,,/,,...,/,; from the set of equations. 

Although the loop equations are derived on the assump- 
tion that the E’s are sources and the /’s are responses, they 
still hold true if we consider the /’s as sources. We therefore 
assume that the E’s are given in terms of the known I’s by 
Eq (122). The problem thus reduces to finding the equa- 
tions that relate E, and E, to the known currents /, and J, 
when all the other ports are short-circuited. The solution 
in symbolic notation is thus expressed by* 


* Though we use G as the determinant of 15}, the reader should not assume 
that [$] is an open-circuit impedance matrix—that is, that it has the 
analytic properties of such a matrix. In general, the two are not equivalent 
We use G merely because both the open-circuit impedance equations and 


the loop-impedance equations can be considered to have currents as the 
known variables. 
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One of the usual methods of elimination of variables 
would partition [Z] as 


Sp¢ 


Sag 
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where [{,,] and [,,], for example, are submatrices wath 2 
rows and 2 columns and with 2 rows and (/ — 2) colymns, 
respectively. 

Partitioning /] and E] correspondingly as 


where 


Eq (122) then becomes 


I, | 
(127 
0) = [Se2} Ip) + (S00) ta! 


Solving the second of Eqs (127) for /,] and substituting 
into the first equation give 


E, } = ([ fe] — [fee] | See | | fq |) /,| (128) 
This is in the required form E] = [z] /], where [z] is of 
the second order. 

The reader can now compare the two methods for ease 
of computation. However, even though the number of 
arithmetic operations may be roughly equal for the two 
methods. it is still valuable to know directly what the co- 
efficients are; for example, one could not easily predict that 
the z,, given by the matrix manipulations of Eq (128) is 
simply G3/G13, as shown in Eq (124). 

Now we consider another example to illustrate the prop- 
erty of the invariance of the kernel and the use of a rec- 
tangular matrix of index pairs. Specifically, we investigate 
the change of the system functions if a finite non-zero load 
is used to terminate some port. To fix the discussion, let 
the impedance Z be placed across port 5 of a five-port 
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Now the cofactors have indices corresponding to the 
known voltages (or the unknown currents). In the above 
representation it is assumed that all the 2 variables occur 
so that the cofactors have no indices other than those with 
applied voltage generators. However, if the order of the 
kernel is less than n—that is, not all of the variables are 
of interest—then the cofactor has the additional indices 
corresponding to the ports that have no sources and are 
short-circuited.* In addition, only those index pairs have 
negative signs that correspond to current ratios 

In regard to short-circuiting or Open-circuiting ports, we 
observe that we have regarded fixing the voltage or current 
at a port as short- or open-circuiting this port, respectively 
Of course, the current or voltage may be fixed without ap- 
plication of a generator. For example, if an impedance Z 
is placed across a port and we assume that a known voltage 
is present across Z, then this voltage is equivalent to a 
known voltage generator and appears as a voltage in the 
vector on the right side of the equation; if a known cur- 
rent is assumed flowing in Z, this current is equivalent to 
a known current generator and appears as a current in the 
vector on the right. 

Using the above convention about open- and short-cir- 
cuited ports, we may derive from each of Eqs (110) and 


*It should now be evident how desired equations can be written even in 
the case where the vector of known variables of the original equations con 
sists of a mixture of voltages and currents. The kernel is formed in the 
same way as for the cases that have been discussed. The rule for the 
cofactor is also similar to the previously given rule. Its subscripts and 
superscripts contain the indices corresponding to the original known variables 
that are also known in the required set of equations or are set equal to 
zero. The negative signs are also assigned in an analogous way 

We of course can now solve matrix problems that arise in other branches 
of physics: that is, it is not necessary to speak in terms of voltages and 
currents, short circuits and open circuits. For example, if 


and we wish to determine 


Also, if »; and ye are desired in terms of x; and xg, where xg <= x4 
0. then 


(112) a unique expression for all system functions with 
any combination of some ports open-circuited and the re- 
maining ports short-circuited. This expression makes ex- 
plicit the fact that each coefficient in the new set of equa- 
tions is the quotient of two cofactors of the matrix of the 
known set. As is clear from Eq (110), any system function 
¥,/¢, from the port » (where a source is applied) to the 
port v (where a response is calculated) may be found from 
the symbolic equation 


Gyi’ > GE ; (113) 


where ¢ and & may be currents or voltages, and the indices 
Rils ssa s correspond to the open-circuited ports. The minus 
sign is chosen only if both ¢ and # are voltages. Of course, 
»# or v or both may appear among the indices k,], . . .,s of 
the open-circuited ports: only » appears if both w and ¢ 
are currents; only v appears if both and ¢ are voltages; 
both » and v appear if ¢ is a current and yw is a voltage. 
Using Eq (112) based on an original short-circuit ad- 
mittance representation, we have the dual relationships 


Hit: +8 mS (114) 


where now the indices k,/,...,s correspond to the short- 
circuited ports and the minus sign is chosen if ¢ and 
are both currents. 

Equation (113), it should be clear, is equivalent to for- 
mulas for six different system functions, and the same is 
true for Eq (114). We obtain, for example, from Eq 
(113), that the short-circuit transfer admittance from port 
h to a (b ~ a)—that is, the short-circuit current at 
port a caused by a voltage source at port b—with the ports 
k,l, ...,§ Open-circuited is 


tA 
Gox 


whl 
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where we have used the superscript indices on the transfer 
admittance to indicate the open-circuited ports; all the ports 
other than k,l, ...,s are short-circuited. 
The transfer impedance from port / to k—that is, the 
open-circuit voltage at port k for a current source at port / 
with the ports k,m, ...,s open-circuited is 


km. 


Gin 
kim...s (116) 
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[he current ratio from the port k to a (k + a)—that is, 
the short-circuit current at port a for a current generator 
applied at port k—with the ports /,m, .. .,s open-circuited is 


ase 
val 
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(117) 


Che voltage ratio from port a to k (k a) with the ports 
k,l, . . .,8 Open-circuited is 
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This equation shows that tne cnange m the short-circuit 
transfer admittance (for a voltage generator at port 2 and a 
current output at port 1) caused by open-circuiting the 
shorting switch at port 3 is equal to the product of the 
short-circuit transfer admittance from the generator to the 
switch and the short-circuit current ratio from the switch 
to the output port 1. Equation (139) may be rewritten as 
via ™ Viz T 713Y32 (140) 
In a particular problem where y,. is to be computed, it is 
often simpler to carry out the calculation in terms of the 
right side of Eq (140). (We illustrate this in EXAMPLE 3 
given at the end of this section.) 
Similarly for the open-circuit transfer impedance, we 
obtain 


13 vl 
G23 2 
—~ 7123 T Al? (141) 
(7123 2 
Since all the cofactors appearing in Eq (141) may be de- 
rived from the common cofactor G}. we have, if we de- 
note G3 by F, 


From the last equation above we then obtain the relation- 
ship 

212 — 212 = Ky3z32 (143) 
Equating the indices 1 and 2 in Eq (140) and then replac- 
ing the index 3 by 2, we get the effect of open-circuiting a 
port on the short-circuit driving-point admittance: 


(144) 


wn = Fi = Tun 


(145) 


The right sides of Eq (145) are apparently not influenced 
by an fhterchange of the indices 1 and 2. This expresses the 
fact that the relative change in the driving-point admittance 
is the same if the point of observation and the switch 
change their places; in each case it is equal to the product 
of the current or voltage ratios in both directions. 

The effect of open-circuiting a port on the short-circuit 
current ratio between two other ports may be obtained 
from 

G3 
Tg ~ 7H * Se 
42 


vs 127713 
_ G2G3 — Gici3 
G3G33 
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Fig. 32—Feedback amplifier circuit. 


To replace the two terms of the numerator by one term, 
we make use of an identity which represents a vanishing 
determinant (29), namely, 


G33G2 + G33G3 + GigG3 = 0 


(147) 


Substitution yields 


(148) 


‘ 
= 713732 


Similarly, the change in the open-circuit voltage ratio 
when a port is shorted becomes 


G 
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GiiG} 
Gi3G3 
Gi3G) 
= K}3K33 
With procedures similar to those illustrated above, the 
reader can obtain other useful formulas and theorems. 


e@ EXAMPLE 3. Find the short-circuit transfer admittance of 
the feedback amplifier shown in Fig. 32 when the switch is 
short-circuited. Let the transconductance of the tube T be 
denoted by gm and let its plate admittance be incorporated 
in Y5. 

Solution: Using Eq (140) (with the indices 1 and 2 inter- 
changed) we have 


3 
1) Yor = Yai + 723¥31 
All the system functions on the right side of Eq 1) may be 
easily evaluated. 

The transfer admittance y 3, with the switch open-circuited 
may be found from the passive network of Fig. 33 as 

Yi 
Yi+ Yot+ V4 


The transfer admittance y,, with the output 2 short-circuited 


él & 


Fig. 33—Amplifier, passive network with switch open. 





network and let us express the short-circuit current /, and 
the open-circuit voltage E. in terms of a given voltage E 
and a given current /,; we assume that originally we know 
the open-circuit impedance matrix of the five-port. If a 
known voltage FE, is assumed across the termination Z, 


we have 


If, on the other hand, a known current /. is assumed to be 
flowing through Z, the pertinent equations are 


We note the invariance of the first two columns of the rec- 
tangular kernel in Eqs (129) and (130) and the change in 
the indices of the cofactors. We now consider the matrices 
on the right side partitioned as indicated by the dashed 
lines in Eqs (129) and (130). The equations may then be 
rewritten as 


in Eq (131) and /. in Eq (132) 


Ihe coefficients 
are equal since 


Now, multiplying both sides of Eq (132) by Z and adding 
to Eq (131) give 


(G35 + ZGRR) 
I 


where the two other terms have been cancelled out because 
of the fact that / Z1.. 

Equation (134), like Eqs (113) and (114), is equiva- 
lent to six relations giving explicitly the different system 
functions in terms of Z. Thus, for example, the short- 
circuit current ratio /,//, with port 2 open-circuited and 
port 3 short-circuited is 
1, | G34 


ris (Z) ; > 
; 134,77 


where again we have used the superscript on the system 
function to identify the open-circuited ports. Equation 
(135) restates the known fact that each system function is 
a bilinear transformation of any specified network im- 
pedance. (28) 


Properties of n-Port Networks Derived 
from the Symbolic Notation 


Employing the fact that any of the system functions 
may be expressed as a ratio of cofactors of the original 
matrix, we can derive some interesting relations. Some ex- 
amples of these are given below to illustrate the procedure. 
We work with G, the determinant of the open-circuit im- 
pedance matrix, and indicate open-circuited ports by super- 
scripts; dual results can be stated in terms of H and the 
short-circuited ports. 

Consider a three-port network. Using Eqs (115) through 
(118), it is easily shown that 


The above equation may be expressed in words as follows: 
if the ports of the network are arranged in some order, 
the product of the short-circuit current ratios (or open- 
circuit voltage ratios) between two neighboring ports taken 
in one direction divided by the product of the short-circuit 
current ratios (or open-circuit voltage ratios) taken in the 
reverse direction is equal to the ratio of the products of 
short-circuit transfer admittances or open-circuit transfer 
impedances taken in the same way, with proper attention 
being paid to the port terminations. 

It is also possible to calculate the effect of opening or 
shorting a port on the transfer admittance or transfer im- 
pedance between two other ports. For example, we have for 
the short-circuit transfer admittance, 


(138) 


For an port obeying 


of course trivial, eac 


ELECTRICAL MANUFACTURING 





The current ratio 7,, with the input short-circuited may be 
obtained from the straightforward amplifier circuit of Fig. 
35; this gives 


; 4) 
e 
where 


Fig. 34—Amplifier, passive network with output short-circuited. 


5) 
may be evaluated from the passive network of Fig. 34; we 
obtain 


‘ ‘s Ys + Ye 


Now, substituting in Eq 1), we have the desired transfer 
admittance 
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Fig. 35—Amplifier circuit with input short-circuited. 
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Fast Response 
In Reversing Servo Drive 


The recognized advantages of d-c motors for control are best exploited 


by the use of motors designed specifically for the purpose. 


Motor response time and acceleration characteristics in particular 


can be improved by design for control. A speed feedback drive 


system and the design features of the d-c motor employed are described. 


JOHN A. HUDAK 

Application Engineer 

RELIANCE ELectric AND ENGINEERING Co. 
Cleveland, Ohio 


THAT ALL TYPES of machines are becoming more auto- 
matic is an acknowledged fact. Contributing to this “auto- 
mation” have been advances in many fields. High among 
the primary contributors has been the field of servo- 
mechanisms. Improved devices such as feedback trans- 
ducers, machine elements and programming techniques 
have all played an ample part in the overall contribution. 

A typical servo loop is shown in Fig. 1. An input (or 
reference) which may be programmed is compared to a 
feedback signal, and a difference (or error) is produced. 
This error is applied to a gain stage. The gain stage out- 
put then energizes the motor or actuator, which powers 
the machine. Machine elements transmit the actuator 
output to the work. In order to close the loop, a feedback 
transducer measures the work and indicates a value for 
comparison with the input. 

Broadly, input information can be classified as analog 
or digital. In either case, the input must contain adequate 
information to describe the operation to be performed. 
Programming is merely the presentation of input signals 
in sequence to accomplish the desired functions. A com- 
mon example of this can be shown on an automatic lathe 
where the function of turret indexing must be performed 
before the tool slide is actuated. 

The most common form of input is an electrical voltage 
signal. It can be easily transmitted from the operator’s 
position to the point of use with a minimum of hardware. 
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The means of varying such a voltage are well known and 
accepted. Further, a great variety of feedback devices 
has been developed featuring a voltage signal to repre- 
sent the quantity being sampled. Consequently, the com- 
parison of the two voltage signals can be made easily with- 
out the addition of a transducer, other than the feedback 
element. 

Feedback transducers are available in a great variety 
of styles. However, they are basically analog or digital 
just as are the input units. The function of a feedback 
transducer is to transmit accurately a measure of the 
process being controlled. For example, the simple tach- 


Feedback 
transducer 


Programmed 
input 


Fig. 1 — Block diagram of typical servo loop. 





Armature of d-c servo motor. 


ometer is a rate transducer when employed to provide 
feedback information. Digital 
course, are also available to provide the same sort of in- 


speed tachometers, of 
formation. 

A specific feedback device is generally chosen by the 
machine designer to suit his requirement for  ac- 
curacy, ease of incorporation into the machine, and ease 
of maintenance once installed. For example, the methods 
for measuring distance vary from an optical scale laid 
on the machine to a simple counter which counts the 
number of revolutions made by the feed screw. 

Commonly, in a machine tool application, the con- 
trolled machine members consist of a lead screw, a 
traveling nut, and the tool slide and holder. These ele- 
ments present a load to the servo actuator which in- 
cludes coulomb friction, viscous friction, and inertia. Be- 
yond these known quantities machines occasionally ex- 
hibit qualities of elasticity and effects of tool loading not 
generally anticipated. 

The Actuator. The primary function of an actuator 
is to provide ample power in a form useful to the ma- 
chine. When this requisite has been fulfilled, the response 
can then be considered. Allied questions, such as ease 
of maintenance and design required to incorporate the 
unit into the machine, must also be considered, but 
generally to a lesser extent than power and response. 

Specific advantages of d-c machines for actuators are: 

1) available at all power levels 

2) provide adjustable speed 

3) easily incorporated into machine 

4) readily maintained 

5) possible good response. 

The response potential is due to the inherent torque 
characteristic of d-c machines. Under transient condi- 
tions, a standard d-c motor can develop 250 per cent 
rated torque without damaging effects. 


118 


Direct-current servo motor. 


The ratio of torque to inertia is a valid indication of 
ability to respond. When the servo motor in Fig. 2 was 
designed, an improvement of nearly 5:1 was made in 
the torque-to-inertia ratio when compared to a standard 
machine. The accompanying table illustrates this com- 
parison. 

The design features which contribute to the improve- 
ment include an armature with a large length-to-diameter 
ratio which minimizes inertia, skewed armature design 
to facilitate smooth rotation at low speeds, Fig. 3, and 
pole face windings to minimize armature reaction effects 
and aid commutation. The acceleration at stall is in the 
vicinity of 30,000 rad per sec?. The peak commutating 
ability is 1000 per cent of full-load current. 

The gain stage contributes greatly to the performance 
of any servo system, as accuracy is dependent upon 
gain. It is this unit, receiving the comparison of reference 
and feedback, which amplifies a minute error to a level 
sufficient to cause correction. 

Reversing Drive. The reversing drive is the gain 
stage specifically designed to back up a d-c servo motor. 


Comparison of Standard D-C and Servo Motors 


D-C servo | Standard d-c motor 
motor (CT-225) 


Value 


Horsepower 1.25 
Base speed, rpm 

Armature volts 

WR:, \b-ft? 


Torque/inertia ratio 


——_—- 
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It is a characteristic of this unit to provide potential of 
either polarity to the motor armature so that either 
forward or reverse operation can be obtained without the 


time delay associated with contactor operation. This re- 
versal is accomplished by the use of back-to-back rectify- 
ing thyratrons. A block diagram of the system is shown 

in Fig. 4. 

The reversing drive is designed to operate from a d-c 
input signal and provide an open-loop gain of 4600 to 1. 
This gain is provided to insure that proper rate feedback 
can be utilized without impairing the minimum closed- 
loop gain required to obtain satisfactory performance. 
The unit operates about a zero input voltage level. With 
an input of 0.05 volts d-c positive polarity, the output 
would be +230 volts; —230 volts output can be obtained 
by applying —0.05-volt d-c. 

Those servo techniques involving the use of a-c equip- 
ment for both reference and feedback signals, if matched. 
produce an error or difference in terms of phase and 
magnitude. A simple and well-known technique converts 
these differences to a d-c signal level. 

Current limit is provided as a feature on this system 
in order to protect both the d-c driving motor and the 
machine parts in the servo loop. The current limit «6 
adjustable over a range of 125 to 1000 per cent of the 
rated motor current. 

Figure 4 indicates the basic circuit utilized in the 
The input, which is ordinarily the differ- 
ence between the reference and feedback level, is fed to 
a d-c amplifier. The amplifier feeds its output to two grid 
circuits. The amplifier output, 
ridden by the limit-circuit output when the limit signal 
input warrants. Under such a condition, the limit circuit 
virtually control of the drive from the d-c 
amplifier to safeguard the equipment. 

Either the No. 1 or the No. 2 grid circuit fires the 
respective thyratron. When the No. 1 grid circuit is 
allowing its tube to fire, it can be seen that a half-wave 
rectified current is applied to the motor in the direction 
of the solid arrows. When the No. 2 grid circuit is firing, 


reversing drive. 


however, may be over- 


removes 


the flow of current is indicated by the dotted arrows. 

The data offered here were obtained from a half-wave 
reversing drive and the d-c The motor 
characteristics are shown in the table (page 118). The 
motor, except for its own friction and inertia, was es- 
sentially at no load. The set-up was made with a speed 
feedback, rather than position feedback, so that a given 
rate of motor rotation, rather than a position, was meas- 
ured. The data obtained are presented in Fig. 5. 

As can be seen, the gain increases until at 12.5 cps 
it reaches its maximum of 1.75. At this point, the speed 
varies sinusoidally from +437 to —437 rpm at the rate 
of 12.5 eps. A frequency of 18 cps was attained before 
the gain was reduced to unity. 

The basic limitation on the frequency response of this 
system is represented by the frequency of the applied 
In this case, the frequency was the industrial 
As shown by Fig. 6, the higher 
the fewer the opportunities 


servo motor. 


power. 
standard of 60 cycles. 
the signal input frequency, 
available for correction per half cycle of signal. How- 
ever, it becomes apparent that an increase in performance 
could be obtained if the power frequency were increased, 
for example, to 200 cycles. More opportunities for correc- 


tion would then be presented per half cycle of input. 
O00 
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= No! No. 2 
Ur . 
Grid Grid 
| . 1 
amplifier circuit Circuit 


Fig. 4—Block diagram of half-wave reversing drive system 
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Fig. 5 — Performance characteristic of the reversing drive using 

d-c servo motor. 
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Fig. 6 — Relation of system input frequency to system perform- 
ance. At a frequency of 12 cps signal input there are three 
opportunities to adjust or control speed every half cycle using 
a half-wave reversing drive (top), whereas at an input of 20 eps 
there are only two opportunities each half cycle to control 
speed (bottom) 
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Prevention of Electric Shock Hazard 


I design guide to optimum design procedures for the prevention or minimizing of electric shock 
hazards is presented. The guide is based on an analysis of existing literature. Applicable curves 
and nomographs have been developed. Contact area of skin is of major importance; conse- 
quently, particular attention is called to the hazard of large exposed non-current-carrying metal 


parts such as machine frames, also to the hazard of exposed parts with sharp edges that tend to 


hreak the skin. 


EDWIN SCHECHTER 
{ssociate Engineer 
DUNLAP AND ASSOCIATES 
Stamford, Connecticut 


ELECTRICAL AND ELECTRONIC MACHINES that 
servicing while functioning create electrical shock haz- 
ards for service personnel. Operating personnel, too, are 


require 


subjected to these hazards. The extent of this exposure, 
however, can be significantly limited by the design of 
the machines. To approach the hazard-reduction problem 
in an intelligent manner, the designer should know as 
much as possible about the nature and characteristics of 
electrical hazards. The more knowledge he has, the more 
eflicient can be the hazard-reduction methods he employs. 
lhis article is the result of an investigation into the nature 
of electrical hazards; its purpose is to provide a guide 


for the design engineer. 


Basis of the Shock Problem 


A preliminary investigation of the literature showed 
that current has been established as the factor which 
determines the effect of an electric shock. Most electronic 
products, however, contain primarily constant voltage, 
not constant current sources. Therefore, it is desirable 
to have a knowledge of hazards in terms of voltages. 
Hence, further investigation was required to determine 
the effect of voltage on the human body. 


The Effect of Current 


e@ Current magnitude: The effects of different magni- 
tudes of current have been established—for some cases 
approximately, and for others more precisely. Table I 
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is representative of the effects of current on the human 
body. 

The data in this table, however, do not give the com- 
plete picture. The effect of an electric shock depends not 
only on the magnitude of the current but on its path 
and duration of flow. 


@ Path of the current. Table I assumes that, for cur- 
rents that can make breathing difficult or can cause 
fibrillation, the flow is through the chest. If the current 
does not pass through the chest, difficult breathing or 
ventricular fibrillation will not occur. In problems of 
product design, however, all electrical hazards must be 
considered as though any shock received will pass through 
the chest. 

@ Duration of current flow. In determining the effect 
of an electric shock, the duration of current flow is also 
an important factor. Some effects require extended cur- 
rent flow, while others can occur in less than a second. 

Currents greater than 30 milliamp but not high enough 
to cause ventricular fibrillation require extended current 
flow to cause asphyxiation. The victim would have to be 
“frozen” to the circuit, therefore, for death to occur. This 
type of hazard is an important consideration in cases 
where it is likely that this situation may be encountered 
during operation or servicing. 

Currents that can cause ventricular fibrillation are far 
more dangerous than those which can only cause difficult 
breathing through action on the chest. Ventricular fibrilla- 
tion can occur even when the duration of contact is less 
than 1 sec, as long as the magnitude of the current is 
great enough. For purposes of product design, therefore, 
time is not an important variable; momentary contact 
is sufficient for a lethal shock. 
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as a Basic Design Consideration 


In order to relate these effects of current on the human 
body to corresponding effects of voltages, knowledge of 
the resistance of the human body to electricity is required. 


The Resistance of the Human Body 


The resistance of the human body is made up of three 
components: (1) the resistance of the skin at the first 
electrode, (2) the internal resistance of the body, and 
(3) the resistance of the skin at the second electrode. 

The internal resistance of the body is constant and 
has been estimated at about 500 ohms. (J)* Skin re- 
sistance, however, is not constant with voltage or current. 
For any given individual, skin resistance is determined 
by three factors: (1) the moisture in the skin, (2) the 
contact area of the electrode with the skin, and (3) the 
voltage applied. The problem, therefore, is to (1) deter- 
mine total body resistance and (2) relate what is known 
about the effects of current on the human body to cor- 
responding voltages. 

Since an experimental approach was not feasible in 
this particular study of this problem, it was decided to 
pursue a literature search. Although little new information 
was found in either the medical or engineering literature, 
some useful data amenable to analysis were found in 
articles by Gilbert (2, 3) and Dalziel (4). An analysis 
was performed to estimate the relationship between skin 
resistance, current, contact area, and skin moistness. 


Results of Data Analysis 


Specific Skin Resistance 

The analysis resulted in a set of curves for different 
conditions of skin moistnesst vs current density: Fig. 1 
shows the relationships obtained. There are three sets 
the solid lines are for dry hands, the dashed 
lines for moist hands, and the dotted lines for wet hands. 
The curves are based on experiments performed by Gil- 


of curves; 


bert and each pair of curves represents the range of 
his data.* 

In any prediction of skin resistance, these relationships 
take into account skin moistness, contact area, and cur- 
rent. For instance, assuming sweaty (moist) hands, given 
the contact area of each electrode, and defining the allow- 


* Italic numerals, in parentheses refer to Cited References at end of the article 


+ Specific skin resistance is defined as the resistance of one square centimeter 
of skin, and is measured in ohm-cm?. 


t Gilbert’s data extended only as far as 1 ma/sq cm (see Fig. 1), whereas the 
important region for problems of product design is the higher-current density 
region, The data from Dalziel et al (4), therefore, were used to determine 
whether or not the curves could reasonably be extended to higher current 
densities. Their data were for wet hands, and it is clear from Fig. 1 that they 
are in reasonable agreement with the extensions of the curves for wet hands 
Thus Gilbert's results are considered applicable to current densities up to about 
0 ma/sq cm (Fig. 1), the current density limit of both sets of data 
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Table I—The Effects of 60-Cycle Alternating 
Current on the Human Body 


Current Effect 


1 milliamp or less | No sensation not felt. (5) 


More than5 ma _ | Painful shock. (5) 


More than 10 
milliamp 


Local muscle contractions, sufficient to 
cause freezing to the circuit for 2.5 per 
cent of the population. (4) 

Local muscle contractions, sufficient to 
cause freezing to the circuit for 50 per 
cent of the population. (4) 

Breathing difficult, can cause unconscious- 
ness. (5) 


More than 15 ma®* | 


More than 30 ma 


Possible ventricular fibrillation” of the 
heart. (6) 


50 to 100 ma 


Certain ventricular fibrillation of the 


heart. (6) 


100 ma to 2 or 
3 amp 


‘ There is evidence that skin resistance decreases as the duration of current flow 
increases, If a victim is “‘frozen’’ to the circuit by 15 ma, the decrease in re 
sistance with time might be sufhcient to increase the current to 30 ma. 


» Ventricular fibrillation of the heart is a condition in which the heart beats 
rapidly and arhythmically. It is usually fatal within a few minutes. 


Note: Italic numerals refer to Cited References at end of article. 
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able current, the proper curve can be chosen and the skin 
resistance predic ted. 

The choice of the proper curve to be used for such 
predictions depends on: the expected condition (moist- 
ness) of service personnel’s skin, and the percentage of 
the population that the prediction is to include. Specific- 
ally 

1. Skin condition. \t is reasonable to assume that the 
skin of a large percentage of service personnel will be 
sweaty when they are at work. Dry skin would be more 
favorable. of course, but one cannot expect it. Also, 
service personnel would not be expected to work on “live” 
machines when their hands are wet. Therefore, for pre 
diction purposes. the “moist-hands” relationship will be 
used 


2. Population 


If a curve of specific skin resistance 
vs current density is chosen to represent the population. 
it should be conservative. Therefore, the lower limit for 
moist hands was chosen as a reasonable basis for calcu 


lations 


Design Implications 


Voltage vs Contact Area 


Using the chosen curve, and given a value of current 


for various combinations of electrode contact areas). 
estimates can be made ol corresponding voltages required 
to drive the given current through the body. If one of 
the electrode contact areas is held constant and the othe: 
is varied, a relationship of voltage vs contact area can 
be derived for any desired current.* If the currents are 
chosen so that they are related to the electric shock prob 
lem, then such curves would give useful information about 
electrical hazards. The applicable currents are 5, 15, 50 
and 100 ma. as already detailed in Table I. 

Figure 2' represents the derived relationship for volt 
ige, current and contact area for the human body, as 
suming that the skin is sweaty and one hand is in full 
contact with a bare, grounded, conducting surface. A 
possible way to use this relationship is as follows: given 
an electrical component, determine the voltage at which 
it operates and the contact area that it presents to service 
personnel. Say that the contact area is 3 sq cm and the 
voltage 50 volts. Entering Fig. 2 with 50 volts on the 
ordinate and 3 sq em on the abscissa, it is seen that 
such a component can deliver 15 ma but not 50 ma 
In the reverse order, given a current magnitude, one 
could specify those combinations of voltage and contact 
area that could deliver a stipulated current 
however. major limitations to the use of 


the curves in Fig. 2 which do not allow them to be 


| here are, 


applied in such a precise manner. That is, what is safe 
and what is unsafe can be estimated only in a “ball 
park” sense. The limitations are found in the original 


data from whi h these curves are derived: 


a. voltages less than or equal to 131 volts 

b. current densities less than 30 ma per sq cm 
c. currents less than 80 ma 

d. scare data for contact areas less than 1 sq cm. 


The curves are extrapolated to the higher voltages, 


Fig. 2—Voltage vs _ electrode 


contact area as a function of 
current flow. Point (3,50) il- 
lustrates how this graph can be 
used; in this example, for a 
contact area of 3 sq cm and a 
voltage of 50 volts. 


the higher the extrapolation, the less confidence one can 
have in them. Nevertheless, it is reasonable to assume 
that the curves are valid to 150 volts, and higher voltages 
(such as those on the 100-ma curve) may be used in the 
sense of an upper boundary for “safe” voltages. That 
is. the region above the 100-ma curve should be con- 
sidered “at least lethal” and treated accordingly. 

Owing to the scarcity of data in the small contact 
range. the curves are limited to contact areas greate! 
than 1 sq cm. It appears that there are two factors which 
could invalidate any extrapolation of the curves into the 


small contact range: 


a. contact areas so small that the skin can be punc- 
tured, and. therefore, would offer no resistance; 

b. voltages high enough to break down the skin re- 
sistance in much the same manner that a capacitor 
breaks down when the voltage applied exceeds its 


rating. 


Stull another consideration is advanced: for a given 
voltage (aside from problems of skin puncture) contact 
areas less than 1 sq cm may be more dangerous than 
larger areas. since they may allow more current to flow 
\s contact areas become infinitesimally small this is prob- 
ably true, but the contact area and the voltage at which 
this phenomenon begins to take place is open to question. 


Large Non-Current-Carrying Parts 


lhe analysis of the human body as a conductor has 
reemphasized the fact that two electrodes in contact with 
the skin are usually required in order for a shock to be 
received. As such, each electrode is equally important 
regardless of its potential with respect to ground. Perfect 
examples of this are the many grounded, non-current- 
carrying parts to be found in electronic equipment and 


dey ices. 
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In previous attempts at hazard reduction, most of the 
attention has been concentrated on those components 
that are “hot” with respect to ground, but not enough 
attention has been given to the potential hazard presented 
by machine frames or other non-current-carrying parts. 
The results of this study have shown that when the con- 
tact area of an electrode is reduced from 150 sq cm to 
about 1 sq cm, there are significant reductions in the 
potential hazard presented by the electrode. The large 
contact area of a machine frame is a significant example 
of the importance of this result. Not only does the frame’s 
large contact area increase the likelihood that it will be 
contacted (thus becoming one of the electrodes in an 
electric shock) but, in addition, it contributes to the 
severity of the shock by substantially reducing the total 
resistance afforded by the skin. 

Every effort should be made, therefore, to find ways 
to eliminate as potential electrodes the machine frame 
and other large non-current-carrying components greater 
in area than a few square centimeters. Two methods which 
certainly should be given careful consideration are: (1) 
design machines with ungrounded secondaries (with a 
fault detection system), and (2) use a paint with good 
insulating properties for the machine frame and other 
large, exposed, non-current-carrying parts. 


Sharp-Edged Parts 


The possible hazardous effects of very small contact 
areas emphasizes also the danger of using sharp-edged 
component parts, or those with very small radii of curva- 
ture. The hazard here is twofold: 


1. The sharp (or small curved) edge of the part can 
break through the skin; the only protection from 
shock is left to the internal resistance of the body 
and to the skin resistance at the second electrode. 


. Electric fields tend to concentrate more at sharp 
edges of electrodes than around smooth round parts. 
The resulting current density at a sharp-edged loca- 
tion, therefore, is such that it serves to reduce skin 
resistance. 


The entire problem of the geometry and size of 
terminals and relays may have great importance in de- 
sign for safety against electrical shock hazard. For ex- 
ample, an exposed relay is doubly hazardous: its area 
is large compared to that of other current-carrying parts; 
it has many sharp edges. 


Classification for Guarding and Labeling 


Although the relationships in Fig. 2 do not give in- 
formation about the hazards of small contact areas, they 
may be used as a guide in the development of rules for 
labeling and guarding of electrical hazards. The follow- 
ing categories are proposed for classifying electrical com- 
ponents by relative severity of the hazard: 


Class E,: painful shock 
Class E.: possibly lethal 
Class E,: probably lethal. 


In order to determine whether to guard or label a 
particular component, once its hazard class has been de- 
termined, it is necessary to evaluate the likelihood that 
service personnel or operating personnel will come in 
contact with it. Each situation must be evaluated indi- 
vidually; therefore, three categories of component loca- 
tions are proposed. (Only three categories are used, be- 
cause it would be very difficult to distinguish more than 
three in a matter so subjective.) 


a. Component location such that a conscious effort 
is required to avoid contacting it during any normal 
servicing operation; or location in close proximity 
to other exposed hazards. 

. Location such that there is frequent exposure, and 
accidental contact during normal servicing opera- 
tions is not unlikely. 

c. Location such that during normal servicing opera- 


Table Il—Guide to Shock-Hazard Warning Labels 
And Protective Guards in Electrical Equipment 


Hazard location is such that: 


| 
Frequent 

| Conscious effort is re- exposure, 

Shock | quired to avoid contact;} accidental 

hazard | or in close proximity to | contact not 
class other exposed hazards unlikely 


Conscious 
action 
required 
to make 
contact 


Lethal, Guard and label 
E; 


| Guard and Guard and 
label label 
Possibly Label 


lethal, E2 


label 


| | 


Guard 


| 
Guard and label | Guard and | 


Painful 
shock, E, | 


Table Ill—Hazard Classification of Voltages to Ground According to Component Contact Area 


For Service-Personnel Exposure® 
| 
—_— 
Shock hazard class A<0.5 | 0.5<A<1 | 


Lethal, E; 


Possibly lethal, E2: | 
A. Fibrillation | 150<V<400 | 150<V <400 


B. Asphyxiation» 


1<A<2 | 2<A<3 


. Voltages are greater than for the “possibly lethal’’ class 


150<V<270 


Voltages (V) and contact area (A) in sq cm 


3<A<4 4<A<S5 


| 


| 
115<V<210 | 100<V<180 90 <V <160 | 80<V <145 


30<V<90 25<V <80 


<150 | 90<V<150| 55<V<150 40SV<115 | 35<V <100 


Painful shock, E; 35<V<150 | 25<V <150 | ISSV<UI5 | 1S<V<100 | 10<V<90 | 10<V<85 
| | | 


| 


® The table classifies the range of voltages, measured from ground, according to the contact area of the component. The range of contact areas is arbitrarily divided into 
intervals of 1 sq cm, and arbitrarily ends at 5 sq cm because it is expected that larger contact with live components will be uncommon. 


> Applies only in cases in which it is likely that a victim will become “‘frozen” to the circuit 
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tions a conscious effort would be required to make 
contact 


lable II is a proposed scheme for guarding and labeling 
in terms of likelihood of contact and the hazard class. 

Table III (which is to be used in combination with 
lable I1) is the recommended hazard classification based 
on Fig. 2. The possibly lethal class has two subclasses 
(fibrillation and asphyxiation) to account for the two 
types of danger. The asphyxiation subclass applies in 
cases in which “freezing” to the circuit is likely. It is 
expected that the fibrillation subclass will be the pre- 
dominant case. 

It must be emphasized that a classification of electrical 
hazards, based on such limited data, can only be a “ball 
park” estimate of the severity of the hazards involved. 
Nevertheless, it is better to base rules for guarding and 
labeling on limited knowledge than to use rules based on 


) 


more arbitrary classifications. 
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Appendix—Development of Curves of Voltege vs Contact Area 


Figure 1 can be used to graphically derive 
Figure A-l, which is a nomogram of skin 
resistance, current density, current and 
contact area for moist hands. This figure 
is then readily transformed into curves of 
voltage drop across the skin as a function 
of skin contact area and current, as shown 
in Figure A-2. The total voltage is then 
obtained by adding the voltage drops across 
the skin contacts to the voltage drop across 
the internal resistance of the body. 


Total Voltage vs 
Skin Contact Area 


The curves of Figure A-2 can be used 
to develop curves describing the total volt- 


urrent 
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Figure A-1] — Nomogram of skin resistance, current density, cur- 


rent and contact area (for moist hands). 


age across the body (corresponding to 
specified currents) as a function of the 
contact area of each electrode. However, 
in a product-design problem, the only in 
formation that is known specifically is the 
contact area of one of the contacts; the 
area of the second contact remains to be 
determined, Since the second contact area 
is almost unpredictable, it is necessary to 
assume a full hand contact with a ground 
such as the machine frame (equivalent to 
150 sq cm). Therefore, curves of voltage 
vs contact area (of one contact) were cal- 
culated for moist hands, assuming contact 
with ground of 150 sq cm for the other 


contact. The curves are shown in Figure 2. 


Voltage drop per contact, 
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Each corresponds to a different magnitude 
of current flow. 

Two points must be mentioned with re 
spect to the application of these curves: 
one increases the risk in using these re- 
sults, and the other decreases the risk. 
rhe former is that the data come from 
experiments in which the subjects were 
aware that the shock was coming; in oper- 
ating situations, the effect of surprise may 
be to increase the likelihood of injury. 
The latter is that the contact conditions 
in the experiments were excellent, whereas 
one would not expect such good contact 
under working conditions. This tends to 
make the curves more conservative. 


Current 
/\00 ma 


a 


40 60 100 200 400 800 


Skin contact area, sq cm 


Figure A-2 — Skin voltage drop vs skin contact area for currents 


of 5, 15, 50 and 100 ma (moist hands). 
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An Evaluation of 
Special-Purpose Adhesives 


Report on the experience of Amphenol- 
Borg Electronics Corporation in devel- 
oping a special adhesive for bonding 
components of a new type of electrical 
connector. Presented is a study of con- 
temporary adhesive materials in relation 
to this research program. Other areas of 


application may be extrapolated. 


ADHESIVES REPRESENT a fast, economical method for 
fastening and assembling components. In many cases, ad- 
hesive bonding represents the only practical method of 
fastening. The bonding of similar materials, dissimilar 
materials, or normally incompatible materials to each 
other reflects problems that may be solved by use of 
special adhesives. 

Adhesive bonds offer a number of advantages over 
other methods of fastening. The joining of materials 
that would ordinarily be difficult or impossible may be 
accomplished by use of an adhesive. The surfaces at ad- 
hesive faces and interfaces are normally smooth, leaving 
the final assembly unmarred by protrusions caused by 
rivets or other types of mechanical fasteners. The trans- 
fer of mechanical stresses from one material to the other 
is uniform and highly efficient, causing less severe strains 
in each of the adherent materials. Corrosion between 
dissimilar metals, often due to galvanic action, may be 
easily controlled by the bonding material, which prevents 
their coming together in direct contact. A closer seal 
resistant to infiltration of gases and liquids is often 
achieved, preventing corrosion and malfunction of a 
component. 
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The Problem 


To find the best adhesive for a particular purpose is 
basically a research project, one of trial and error. The 
Amphenol-Borg Electronics Corp. had such a problem 
in the assembly of an electrical connector. This is a fre- 
quent problem where a bond is needed between two or 
more members of a connector design. Typical examples 
of these are the bonding of face gasket to insert, front 
insert to rear insert, insert to shell, and combinations 
thereof. The requirement for the bond varies from merely 
holding two parts together to moisture-proofing the 
assembly. 

In order to get a working knowledge of the various 
types of adhesives available, an adhesive program was 
initiated by contacting several manufacturers for samples 
of their products. (Tables I and II list adhesives and ad- 
herends involved in this study and suppliers.) In general, 
two types of bonds were considered. The first type is a 
“natural” bond that occurs when molding a raw com- 
pound onto a cured piece part. One example of this 
might be Dow Corning 675 Silastic silicone rubber mold- 
ing compound molded to a silicone-laminate insert. An- 
other example of a natural bond might be when a cast- 
ing resin is poured into a potting-mold cavity and, upon 
curing, bonds to the aluminum shell and to the treated 
Teflon wires. (See Tables III, 1V and V for typical mold- 
ing bonds.) The second type of bond is achieved by the 
use of an adhesive which is coated onto the two surfaces 
to be joined. Here, the bond is formed after the adhesive 
is cured. (See Table VI.) Occasionally the adhesive re- 
quires the use of a primer to complete the bond. In some 
cases pressure is also required. 

The problem faced in the study was threefold: (1) to 
find a suitable adhesive for bonding neoprene to itself 
and to other materials; (2) to find a method for bond- 
ing silicone-rubber potting compounds to diallyl phthalate 
resin and then have an epoxy-resin bond to the cured 
silicone-rubber potting compound; (3) to find a method 
for bonding Thiokol potting compound to neoprene. 

Actual measurement of the force necessary to break 
the bonds was not considered in the present study, and 
the resulting bonds obtained were therefore classified 
into one of these four categories: 

e@ Excellent —where adhesion was greater than co- 
hesion of the materials bonded and 
break occurred in one of the materials 
and not at the bond line. 

(Continued on page 128) 
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Table |—Properties of Adhesives Covered in a Research Program on Electrical Connectors 
a a ae a I lle 


Adhesive and Manufacturer 


Ty-Ply UP, 
Marbon Chemical Div., 
Borg-Warner Corp 


Ty-Ply S, 
Marbon Chemical Div., 
Borg-Warner Corp. 


R-86024, 
Raybestos-Manhatt: 


R-82001, 
Raybestos-Manhattz 


R-114, 
Raybestos-Manhatt: 


R-81001, 
Raybestos-Manhattz 


R-3788-X-10, 
Raybestos-Manhattan, Inc. 


R-82021, 
Raybestos Manhattan, Inc 


R-314, 
Carl H. Briggs Co., Inc. 


Mix 371, 
Amphenol-Borg Electronics Corp 


Mix 372, 
Amphenol-Borg Electronics Corp 


Mix 373, 
Amphenol-Borg Electronics Corp 


Mix 204, 
Amphenol-Borg Electronics Corp. 


EC 1606, 
Minnesota Mining and Manufac- 
turing Co. 


EC 1300, 
Minnesota Mining and Manufac- 
turing Co. 


EC 1099, 
Minnesota Mining and Manufac- 
turing Co. 


G-1131, 
Koppers Company, Inc 


Silastic 675, 
Dow Corning Corp. 


S-2007, 
Dow Corning Corp 


40C, 
Dow Corning Corp. 


Chemlok 220, 
Hughson Chemical Co. 


Ambroid regular, 
Ambroid Co. 


Coast ProSeal and Manufactur- 


: eae 
Pro-Seal 777, 
ing Co. 


Composition 


Resin in solvent 


Resin in solvent 


Thermosetting resin base 


Neoprene base 


Synthetic-rubber /pheno- 
lic-resin base 


Synthetic-rubber /pheno- 
lic-resin base 


Silicone base 
Neoprene base 
Epoxy-resin base 


Epoxy base (Epon) with 
tale and diethylamino- 
propylamine 


Epoxy base (Epon), talc, 
glass fiber and diethyl- 
aminopropylamine 

Epoxy base (Epon), talc, 
glass fiber and pyro- 
mellitic dianhydride 

Epoxy base (Epon), Shell 
“T”’ hardener and 
Tamms 400 bond silica 


Liquid polysulfide 
polymer 


Synthetic rubber base 
Synthetic rubber base 


Resorcinol-formalde- 
hyde resin 


Silicone-rubber base 


Silicone-rubber base 


Silicone resin 


Organic polymers 


Cellulose ester 


Synthetic rubber base 


* Properties of materials were supplied by manufacturers. 


+ Room temperature 
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Characteristics | Solvent 


Neutral solution | Xylene or 
toluene 


Neutral solution Xylene or 
toluene 


Resistant to most solv- | None 
ents, acids, andalkalis | 


Resistant to all oils and Toluene 
water 


All oils, solvents and | MEK 


water resistant 


Oils and water resistant 


Xylene 
Oils and water resistant | Toluene 


Resistant to acids, solv- None 
ents, alkalis and oils 


| 
| 
| 
| 


Flame resistant 


Resistant to water, 
detergents and oils 


Resistant to oil and ali- 
phatic hydrocarbons; 
fire resistant 


Neutral 


Acetone 


Xylene 


Resistant to water, hy- 
drocarbons and oils 


Xylene 


Cure 


25 min, 
280-350 F 


Below 350 F 


17 hr, 73 F; 
1 hr, 220 F 


RTi 


15 min, 325 F; 
5 min, 400 F 


RT for 24 hr; 
18 hr, 120 F 


RT for 48 hr; 
2 hr, 150-180 F 


24 hr, 77F 
4 hr, RT 


RT; 2 hr, 200 F 


8 ie, Ri: 2 iy, 
100 F 


480 F 
240 F 


1 hr, 482 F 


14 hr, RT 


| 
| 
| 


2 hr, RT 
| 48 hr, RT; % 
| hr, 220 F 
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Heat resist- | 
ance (max. | Flash 
for properties) point Viscosity 


350 F 82 F Free flow 


Free flow 


160 F | 3200 centipoise 
at 77 F 


400 F 1040-3540 centi- 
poise at 78 F 


400 F 3500 +: 500 centi- 
poise at 25 C 


475 F 
160 F 1650 centipoise 
at 77 F 


350 F 3600 centipoise 


1640 poises 


Thin syrup 


300 F Thin syrup 


Liquid 


500 F 


480 F 


300-1000 centi- 
poise at 25 C 


350-400 poises 
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Strength 


3500 psi, tensile; 100 
Ib/in. adhesive 


100 lb/in. adhesive 


1700 psi, tensile at 73 
F; 3600 psi, tensile 
at 180 F 


Shear strength: 
1656 psi at RT; 286 
psi at 500 F, 1 hr 


2200 psi shear at RT, 
1008 psi at 400 F 


7300 psi tensile 


600 psi, tensile 


450 psi, 4 hr, 480 F 


7500 psi at 25 C 


Applications 
To bond natural and synthetic rubber to metal; to 


bond neoprene to metal. Do not use on aluminum. 


To bond natural and synthetic rubber to metal; to 
bond neoprene to metal. Do not use on aluminum. 


Rubber to metal; plastics to ceramic or metal; metal 
to metal; wocd to metal. 


Rubber to metal; plastics to metal; paper to metal; 
rubber to nonmetals; plastics to nonmetals. 

Rubber to metal; plastics to metal; metal to metal; 
friction material to metal; friction material to in- 
sulating materials. 

Rubber to metal; plastics to metal; metal to metal; 
friction material to insulating materials. 

Silicone-base materials to metals; silicone-base ma- 


terials to each other. 


Rubber to metal; plastics to metal; rubber to non- 
metals; plastics to nonmetals. 


Metals to metals; metals to nonmetals; small metal 
parts to metals and nonmetals. 


Neoprene to neoprene; neoprene to metal. 


Neoprene to neoprene; neoprene to metal. 


Neoprene to neoprene; neoprene to metal. 


Neoprene to neoprene; neoprene to metal. 


Potting electrical components. 


Plastics laminates; rubber to metal; neoprene to 
metal. 


Vinyl plastics to metal; metal to metal; metal to 
rubber. 


Plastics to plastics; metals to plastics; metals to 
metals. 


Molded gaskets, seals, bellows, electrical and elec- 
tronic fittings and connectors. 


Encapsulating of electrical components. 

Insulating tape to coil wrappings; electrical and elec- 
tronic insulating materials. 

Natural and synthetic elastomers to metals. 


Neoprene to neoprene. 


Metal to metal; rubber to metal. 





Table ll—List of Manufacturers of Adhesives and 
Adherends Used in This Study 


(X-1) Neoprene 
Diallyl phthalate 
3C-737 Thiokol 
EC-880 adhesive 


ABC Rubber Co 
Acme Resin Corp. 
Churchill Chemical Corp. 


Minnesota Mining and Manu- 
facturing Corp. 


Chemlok 201 primer 
R4025 


Lord Manufacturing Co. 
Raybestos-Manhattan, Inc. 


Table IlI—D.C. 675 Silastic (Silicone Rubber) Com- 
pound Molded at 250 (2000 psi, 15 min) 


Molded to Primer Post-cure schedule Bond 


Mycalex 400 
Mycalex 400 
Mycalex 400 


16 hr, 480 F 
16 hr, 480 F 
2 hr, 300 F; 16 hr, 500 F 


Poor 
Poor 


Very 
good 


A-4000 


16 hr, 480 F 
| 16 hr, 480 F 


Poor 
Poor 


Supermycalex 


Supermycalex . A-4000 


Supermycalex 


Silicone 
laminate 


Silicone 


laminate 


Silicone 
laminate 


796 


SS-67 


2 hr, 300 F; 


2 hr, 300 F; 
8 hr, 420 F; 


2 hr, 300 F; 
8 hr, 420 F; 


2 hr, 300 F; 
8 hr, 420 F; 


16 hr, 500 F | 


2 hr, 360 F; | 
24 hr, 480 F 


2 hr, 360 F; 
24 hr, 480 F 


2 hr, 360 F; 


Poor 
Excel- 


| lent 


Good 


Fair 


24 hr, 480 F | 


Table !IV—K1046 Silastic Molding Compound 


Molded at 250 F (2000 psi, 15 min) 
Molded to Bond 


Primer Post-cure schedule 


Supermycalex 
Mycalex 400 


| 2hr, 300 F; 16 hr, 500 F | Poor 
| 
2 hr, 300 F; 16 hr, 500 F | Poor 


2 hr, 300 F; 2 hr, 360 F; | Excel- 
16 hr, 480 F; 8 hr, 420 F | lent 


2 hr, 300 F; 2 hr, 360 F; | Fair 
| 16 hr, 480 F; 8 hr, 420 F | 


16 hr, 435 F | Good 


Silicone 
laminate 


Silicone 
laminate 


Silicone 
laminate 


301 — 16 hr, 435 F | Fair 


Table V—K1048 Silastic Molding Compound 
Molded at 250 F (2000 psi, 15 min) 


Post-cure 


Molded to schedule 


Primer 


Mycalex 400 


Supermycalex 


16 hr, 480 F 
| 16 hr, 480 F 
301 16 hr, 480 F 
301 Cc. | 16 hr, 480 F 
5003 16 hr, 480 F 
5003 16 hr, 480 F 


Poor 
Poor 
Fair to good 
Good 
Poor to fair 


Poor 
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where the break occurred at the bond 
line, but with considerable difficulty. 
where the break occurred at the bond 
line, but with moderate difficulty. 


+ Very good 
* Good 


e@ Poor -no bond. 


Procedure 


In most cases, the preparation of the specimen to be 
bonded was carried out in the following manner: 

1. surfaces to be bonded were covered with a brush-on 
coat of the adhesive 

2. adhesive was allowed to dry until it became tacky 

3. surfaces were pressed together 
pressure was applied when applicable 
recommended cure schedule was applied 

. after parts cooled, they were tested for bond strength 
by prying with a tool or by hand. 


The Design 


In the pressurized version of a new AN Type-E con- 
nector, the neoprene insert must be bonded to the shell 
and the contacts bonded to the insert. The problem was 
considered from two viewpoints. Bonding should be 
achieved through use of an adhesive in one case and 
during the molding process in the other. First, samples 
of commercially available adhesives were obtained and 
tested. A group of adhesives was also formulated by 
Amphenol and tested. In order to test the bond during 
the molding process, several samples of inserts with 
molded-in pins were made. The pins were treated with 
commercial primers prior to molding. After molding and 
curing the inserts, the bond tests were performed. 

In the development of a high-temperature, double- 
potted AN-type connector-assembly, a method of bonding 
a diallyl phthalate insert and epoxy-resin potting com- 
pound with silicone-rubber potting compound was needed. 
This would result in a completely bonded assembly. To 
improve the bond between these materials, investigation 
was started to develop a suitable technique. Also, in 
the potted version of the AN Type-E connector, a neces- 
sity arose for bonding Thiokol to the neoprene insert 


Results 


The best adhesive tested for bonding neoprene rubber 
to itself and to aluminum (662 finish) was a special 


Table VI—675 Silastic Rubber to 5003 Silicone 
Molding Compound 


Adhesive Supplier Cure schedule Bond 


Dow Corning 12 hr, 300 F; 12 hr, 400 F; | Poor 


4 hr, 480 F 


| 
| 
| 
| 


Dow Corning | 12 hr, 300 F; 12 hr, 400 F; 


4 hr, 480 F 


12 hr, 300 F; 12 hr, 400 F; Poor 
4 hr, 480 F | 


6-125 | 4 hr, 480 F 
132 Dow Corning 5 to 7 min, 475 F 
A-4000 


Poor 
110 | Dow Corning | 


Poor 
| Fair 


16 hr, RT*; 4 hr, 212 F; | Good 
4 hr, 480 F 


48 hr, RT; 8 hr, 158 F; 
8 hr, 300 F; 4 hr, 440 F 


Dow Corning 


Dow Corning 


R-3788- 
X-10 


Raybestos- 
Manhattan 


Very 
good 


* Room temperature. 
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Table Vil—Neoprene Bonding Chart 


BONDED TO 
Aluminum (662) 
Aluminum (662) 
Neoprene 

Neoprene 

Neoprene 

Neoprene 

Neoprene 

Neoprene 

Aluminum (662) 
Aluminum (662) 
Aluminum (662) 
Aluminum (662) 
Aluminum (662) 
Aluminum (662) 
Aluminum (662) 
Aluminum (662) 
Aluminum (662) 
Aluminum (662) 
Aluminum (662) 
Aluminum (662) 
Neoprene 

Aluminum (662) 
Aluminum (662) 
Neoprene 

Diallyl phthalate 
Aluminum (662) 
Aluminum (662) 
Aluminum (662) 
Aluminum (662) 
Aluminum (662) 
Aluminum (662) 
Aluminum (662) 
Aluminum (662) 


MOLDED TO 


Contacts (685) 
Contacts (685) 
Contacts (683) 
Contacts (683) 


POTTED WITH 


1201-Q Thiokol 
1201-Q Thiokol 
1606 Thiokol 
1606 Thiokol 
737 Thiokol 
737 Thiokol 
1201-Q Thiokol 
1201-Q Thiokol 
1201-Q Thiokol 
1201-Q Thiokol 
1201-Q Thiokol 
1606 Thiokol 
1606 Thiokol 
1606 Thiokol 
737 Thiokol 
737 Thiokol 
737 Thiokol 


*Koom temperature. 
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Primer 


Chemlok 220 
777-P 


Chemlok 220 


Chemlok 220 
Chemlok 220 


Chemlok 220 


Chemlok 220 
Chemlok 201 


Chemlok 220 


| 


Chemlok 220 


Chemlok 220 


Chemlok 220 
P-777 


Amphenol No. 2 


Chemlok 220 
P-777 


Amphenol No. 2 


Chemlok 220 
P-737 


Amphenol No. 2 


Chemlok 220 
P-777 


| 
| 
| 





Adhesive 


Epoxy mix 372 
Epoxy mix 373 
R-86024 
R-86024 
R-86024 
R-82001 
Epoxy mix 371 
1606 Thiokol 
R-86024 
R-86024 
Epoxy mix 204 
Epoxy mix 204 
EC-1300 
EC-1300 
EC-880 
EC-880 
Bondmaster 
Bondmaster 
EC-1099 
Chemlok 220 
Chemlok 220 
Chemlok 220 
Chemlok 201 
777 Thiokol 
777 Thiokol 
R-M R-114 
R-M R-4025 
D. C. A-4000 


Amphenol No. 2 


R-M R-114 
R-M R-4025 
Ty-ply UP 
Ty-ply S 


Cure schedule 





2 hr, 100 C 
2 hr, 100 C 
2hr, 100 C 
2 hr, 100 C 
| 2hr, 100C 

2 hr, 100 C 
2 hr, 100 C 
2 hr, 100 C 
2 hr, 100 C 
| 2hr,100C 
2hr, 100 C 
2 hr, 100 C 
2 hr, 100 C 
2 hr, 100 C 
| 2hr, 100 C 
| 2 hr, 100 C 
2 hr, 100 C 
2 hr, 100 C 
2 hr, 100 C 
2 hr, 100 C 
1 hr, 100 C 
1 hr, 100 C 
1 hr, 100 C 
4 hr, 158 F 
4hr, 158 F 
3 hr, 250 F 
3 hr, 250 F 
16 hr, RT* 
2 hr, 250 F 
3 hr, 250 F 
3 hr, 250 F 
| 2h, 1298:C 
2hr,125C 








| 


|} 2hr,125C 
| 2Qhr,125C 
2hr,125C 


16 hr, RT; 
16 hr, RT; 
| 16hr, RT; 
16 hr, RT; 
| 16hr, RT; 
16 hr, RT; 
16 hr, RT 
16 hr, RT 
16 hr, RT; 
| 16 hr, RT; 
| 16 hr, RT; 
16 hr, RT; 
16 hr, RT; 
16 hr, RT; 
16 hr, RT; 
16 hr, RT; 
16 hr, RT; 


| 


;4hr, 100 C 


; 2 hr, 300 F 
; 2 hr, 300 F 


| 2hr, 125C 


Bond 


Good to very good 


Fair to good 
Very good 
Excellent 
Fair 


Good 
Good 
Good 
Good 
Good 


Fair 
Fair 
Fair 


Poor 

Poor 

Poor 

Poor 

Very good 
Very good 
Poor 

Poor 

Poor to fair 
Excellent 
Excellent 
Poor 

Fair 

Fair 


Excellent 
Poor 
Excellent 





16 hr, 158 F; 2 hr, 200 F; 2 hr, 250 F 
16 hr, 158 F; 2 hr, 200 F; 2 hr, 250 F 
16 hr, 158 F; 2 hr, 200 F; 2 hr, 250 F 
16 hr, 158 F; 2 hr, 200 F; 2 hr, 250 F 
16 hr, 158 F; 2 hr, 200 F; 2 hr, 250 F 
16 hr, 158 F; 2 hr, 200 F; 2 hr, 250 F 


2 hr, 158 F; 2 hr, 200 F; 2 hr, 250 F 
2 hr, 158 F; 2 hr, 200 F; 2 hr, 250 F 
2 hr, 158 F; 2 hr, 200 F; 2 hr, 250 F 
2 hr, 158 F; 2 hr, 200 F; 2 hr, 250 F 
2 hr, 158 F; 2 hr, 200 F; 2 hr, 250 F 
2 hr, 158 F; 2 hr, 200 F; 2 hr, 250 F 
2 hr, 158 F; 2 hr, 200 F; 2 hr, 250 F 
2 hr, 158 F; 2 hr, 200 F; 2 hr, 250 F 
2 hr, 158 F; 2 hr, 200 F; 2 hr, 250 F 


| 





Excellent 
Good 

Very good 
Fair 
Excellent 
Fair to good 
Fair to good 
Excellent 
Excellent 
Excellent 
Excellent 
Excellent 
Excellent 
Excellent 
Excelient 
Excellent 
Excellent 





Table Vill—Neoprene Bonded to Other 
Materials and Itself 


Cure 


schedule 


Material Adhesive 


Supplier Bond 


Diallyl 
phthalate 
Neoprene 


R-8604 Raybestos- 


Manhattan 


1 hr, RT* Very 
2 hr, 180 F good 


i or; eT: Ver 
2 hr, 180 F| good 


1 hr, RT Fair 


R-86024 Raybestos- 


Manhattan 


Ray bestos- 
Manhattan 

Raybestos- 
Manhattan 


Neoprene 4021X-10 


Aluminum 4021X-10 1 hr, RT Fair 


Table IX—675 Silastic Rubber to Diallyl Phthalate 


Adhesive Supplier Cure schedule 


Bond 


EC-711 Minnesota 1 hr, 


Mining 
Dow Corning 


RT*; 1 hr, 250 F | Poor 


S-2007 4 hr, 158 F; 16 hr, 250 F; 


2 hr, 300 F 
RT; 4 hr, 212 F 


16 hr, RT; 1 hr, 200 F; 
2 hr, 300 F 


2 hr, 300 F 


48 hr, RT; 8 hr, 158 F; 
8 hr, 300 F; 4 hr, 440 F 


Px OT 


A-4000 


Special 
No. 1 


Dow Corning | 16 hr, 
Amphenol 


Good 


Poor 


132 Dow Corning 


Poor 


Raybestos Good 


Manhattan 


NEW 


Electrohydraulic ‘ 


electrohydraulic 


be a highly 


Servo Valve 


UNITY-COUPLED 
servo valve is said to 
reliable 


high-performance missile and aircraft 


Amphenol formulation. ‘Uhis proprietary neoprene adhe- 
sive No. 2 was superior for this problem to any of the 
commercial adhesives tested. (See Tables VII and VIII.) 
Excellent bonds were obtained when the adhesive was used 
in conjunction with Chemlok 220 primer which was ap- 
plied to the metallic surfaces to be bonded. The bonded 
test specimen was also subjected to chemical immersion 
and temperature cycling tests without any noticeable loss 
in bond strength. The bond strength achieved was such 
that the neoprene pulled away from itself rather than at 
the bond line. In this design, excellent bonds between 
silver and gold-plated contacts molded into neoprene in- 
serts was found by using Chemlok 220 primer on the 
contacts before molding. 

Conventional adhesive techniques were unsatisfactory 
for bonding diallyl phthalate parts to silicone rubber 
(see Table IX), although a special potting technique was 
successfully developed. The diallyl phthalate insert was 
first primed with A-4014 primer and the $-2031 Silastic 
(silicone rubber) was then potted over the insert and 
cured. The epoxy mix No. 396 was then cast over the 
S-2031 Silastic and cured. An excellent bond was achieved 
between the three materials. 

The Thiokol bond to neoprene and to diallyl phthalate 
was solved by the use of primers. Chemlok 220 and Coast 
Pro Seal 777-P 


gree of bond was such that the Thiokol tore away from 


primers gave very good bonds. The de- 


itself only when forced open, rather than breaking at the 
bond line. 


Conclusion 

Study of the accompanying charts will show the proper 
adhesive and associated cure schedule to choose for 
various applications. However, the final choice should be 
governed by the testing of the actual parts to be bonded. 
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hydraulic systems. 

Capable of optimum performance in 
severe environments, the valve consists 
of only two moving parts—a spool and 
a sliding fork integral with a torque- 
motor armature. Of titanium construc- 
tion, the valve has large, full-opening 
“shear seal” orifices which virtually 
eliminate silting problems, while high 
shear forces easily clear the valve con- 
taminants. Essentially a two-stage. four- 
way control valve, the valve’s first stage 
consists of an electrical torque motor 
and a “shear-seal” orifice hydraulic am- 
ond, or control 


plifier; the se: stage, 


consists of a precisely matched spool- 
and-sleeve arrangement. 

feedback re- 
torque-motor 
armature position and also nulls out 


Hydro-mechanical unity 


lates spool position to 
the affects of orifice variations produced 
by fluctuations in supply pressure and 


temperature. With hydromechanical po- 


teresis null shift 

valves using the force- 
principle. Springs and me- 
null have been 


eliminated entirely, and final null ad- 


and commonly en- 
countered in 
feedback 
chanical adjustments 
justments are made electrically by a 
balancing control at the amplifier out- 
The high 


long stroke contribute to 


put stage. motor’s 
and 
valve stability, minimizing the effects 
shifts, 
mechanical stresses. 

High differential 
spool, together with spool and sleeve 


torque 
powel! 
and 


of temperature vibration 


pressure on the 


hardness, combine to provide effective 
dirt shearing action and freedom from 
stiction in the second stage. Suscep- 
tibility to magnetic contaminants has 
been minimized, and although fluid is 
allowed in the motor cavity to cool the 
coil at high ambient temperatures, the 
cavity is isolated load flow by 


lands and OOO 


from 


baffles. 


spool 
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To the design engineer, bearings and 
lubrication are inseparable considerations. 
For bearings and lubrication the engineer 
finds that there are masses of information 
available, but that much of it appears to 
be contradictory, disorganized and in 
forms unsuited to actual use in design. 
In fields of technology which depend 
heavily on empirical data and specific re- 
search (such as lubrication), an addi- 
tional difficulty is that there are often 
groundless or even discredited theories 
which are persistently propagated, such 
as various lubrication practices involving 
machine “run-in”. For the engineer, a 
workable approach to design is presented 
here by providing a guide to the basic 
phenomena involved in bearings and lu- 


brication. 
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THE PURPOSES OF A LUBRICANT are to separate moving 
surfaces, to carry away heat, to prevent corrosion, and 
to exclude foreign matter. In Fig. 1, a flat plate is shown 
moving on an oil film. The plate does not actually slide 
on the film, but moves with a group of oil molecules 
adhering strongly to it. Motion is accompanied by slip 
or shear between the oil molecules throughout the height 
of the film. As the graph in Fig. 1 indicates, the velocity 
at any intermediate point in the thickness of the film is 
directly proportional to the distance from the lower fixed 
surface. The shear stress in the oil film varies directly 
with velocity and inversely with the thickness of the film. 
This is Newton’s Law of Viscosity. Stated mathematically, 
this gives an expression for s, the shear stress: 
s = ZU/h 

where U is the velocity at any point across the film of 
thickness h. The factor of proportionality, Z, is called 
the coefficient of viscosity, or more simply, the viscosity 
of the oil. Plate area, A, must be large as compared with 
film thickness h so that end disturbances can be neglected. 
Viewed in a purely practical light, viscosity is the ability 
of an oil to resist shear stresses. Its unit is the poise, and 
the Newtonian equation indicates that its fundamental 
units are dyne-sec per cm?. Thus, a force of 1 dyne is 
required to support a plate of 1 cm? in area over a film 
thickness of 1 cm at a speed of 1 cm per sec. This is 
the equivalent of 1 poise. The centipoise, however, is 
more convenient to use. Still more convenient to use are 
various devices such as the Saybolt viscosimeter which 
allows a measured quantity of oil to pass through a 
fixed-size orifice in a period of so many seconds. Other 
devices are employed to measure viscosity, and by using 
standard equations it is possible to convert from one 
system to any of the others. 

Journal Bearings. A prime requisite of proper de- 
sign of journal bearings is an appreciation of the sig- 
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Fig. 1—Flat plate moving on oil film. 


nificance of the ZN/p curve. The experiments of Tower 
helped to bring about a better understanding of the value 
of studying such a plot for establishing the basic design 
features of a radially loaded journal bearing. (1) * 
Tower investigated a 157 deg partial journal bearing 
(Fig. 2). He found that with a load of 100 psi of pro- 
jected bearing area a reading of more than 200 psi 
registered on the pressure gage. This was a definite indi- 
cation that the rotating motion of the journal coupled 
with the integument supplied by the bearing was re- 
sponsible for producing a unit pressure far in excess 
of the pressure of the oil supply, or of the pressure of 
the load on the journal. Such a bearing is said to be 
operating under- conditions of full hydrodynamic film. 
The journal in its static position rests on the bottom of 
the clearance opening provided by the bearing, Fig. 3. 
If proper operating conditions exist when shaft rotation 
starts, the journal center then assumes a position away 
from the bearing center, and the journal is supported 
on a curved wedge of oil. This is the same basic situation 
which is described by the hypothesis of the Newtonian 
equation, only the flat plate has now become a round 
journal and the fixed plate has become the round bear- 
ing. The oil film is now defined as a wedge-shaped 


* Italic numerals in parentheses refer to Cited References at end of article. 
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Fig. 2—Tower’s 157-deg partial journal bearing, 


Nomenclature 


s = shear stress, lb/sq in. 
U = velocity, in./sec 
h = film thickness, in. 
A = area, sq in. 
Z = viscosity, centipoises or other units 
\V = speed, rpm 
p — pressure of journal area, psi, and fluid pres- 
sure, psi (absolute) or psig (gage) 
L = bearing life 
D = journal diameter, in. 
W = load, lb 


f = coefficient of friction 


system whose boundaries are prescribed by the eccen- 
tricity of the journal center, referred to the bearing center. 

The non-dimensional expression ZN/p is of great im- 
portance in the design of plain 360-deg journal bearings. 
It is an expression which indicates the influence of several 
factors on the coefficient of friction. The curve of Fig. 
| is a typical plot of ZN/p vs coefficient of friction (2), 
and is characterized by three rather distinct portions: 

e Range AB is the thin-film boundary friction region. 
Interlocking of surface asperities causes most of the fric- 
tion, the remainder being attributable to intermolecular 
forces in the oil. 

e Range BC is the transition range. Surface condi- 
tions are here of less importance because viscous forces 
are beginning to prevail. 

e Range CD is the region of true hydrodynamic lub- 
rication. The value of the friction coefficient is almost 
entirely independent of surface conditions and combina- 
tion of metals. The film here is relatively thick. 

It is interesting to note that friction decreases as speed 
increases in the boundary region, with Z and p being 
held constant. Figure 3 is a plot of the pressure distribu- 
tion in a full journal bearing. This is a graph of an 
equation which resulted from a law that was proposed 
originally by Reynolds and translated into a workable 
mathematical expression by Sommerfeld. (3) 


6ZUr € (2 + € cos B) sin B 


pP~ Poe L@+e) (1 + cos 6) 


where 


p = psig at the point under consideration, for any 
value of 8 
Py = pressure at B 
psig 
= viscosity in Reyns at operating temperature 
velocity at bearing surface, in./sec 
radius of bearing, in. 
radial clearance, in. 
eccentricity ratio, e/c 


(at point in line of centers) 


- eccentricity, in. 

= angle between line of centers and the point under 
consideration 
angle between load line and line of centers, deg 


The following situation illustrates how this equation 
was actually used to solve a typical problem in determin- 
ing the location of the oil inlet hole. 


p = 30 psig inlet pressure 
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Z= 1.2 & 10° Reyns 

r= ip: 

c = 0.001 in. 

e = 0.0008 in. 

The value of py must be determined first. This is found 
by letting p = 30 and substituting in the above expres- 
sion, with 8 = 270 deg. Thus py, = 944 psig. Working 
from the location represented by py, where 8 = 0 deg, 
the pressure at any point around the periphery of the 
journal can be determined. The pressure pattern is de- 
picted in Fig. 3. Examination of this plot discloses that 
the pressure increases gradually from oil inlet pressure 
of 30 to 944 at the line of centers, reaching a maximum 
of 4110 at 8 = 160 deg. Beyond this point the pressure 
falls off rapidly, actually becoming negative at 8 = 184 
deg. In this negative pressure area the oil film will break. 
This is a typical pressure distribution pattern for a full 
journal bearing. In actual practice (that is, for problems 
of design) there is no exact practical method of de- 
termining the position of 0’, the journal center, relative 
to 0, the bearing center. This is of no great practical sig- 
nificance, however, because the main objective of present- 
ing this plot is to familiarize the bearing designer with 
the general pattern which will be encountered with such 
a problem as that of the aforementioned example. 

The location of the oil hole and the inlet pressure 
primarily affect the magnitude of the high and low pres- 
sure extremities, and have a comparatively small effect 
on the orientation of the pressure plot. To the machine 
designer these magnitudes of positive and negative pres- 
sure are interesting only in the academic sense. It is im- 
perative that the oil hole not be placed in the high-pres- 
sure region, as this tends to interrupt the journal-support- 
ing oil wedge in the region of closest approach of journal 
to bearing. 

The eccentricity ratio « in such situations has a rather 
limited range of values which can be attained due to 
the closeness of fit required between journal and bearing. 
The suggested method is to assume an e of 0.75 and 
angle Y = 45 +10 deg. This gives a reasonable approxi- 
mation of the angular range of the negative pressure area. 
The oil inlet location is then placed 10-15 deg beyond 
the point of minimum pressure. This arbitrarily selected 
10-15 deg addendum assures a factor of safety. 

In summation, it may be said that there is a definite 
region of the bearing in which the lubricant should not 
be introduced, and the location of the inlet is critical only 
in the sense of avoiding this negative-pressure region. 
Many journal bearings, especially heavily loaded ones, 
have failed because of indiscriminate locating of oil 
inlet holes. 

It is most important that for general use all journal 
bearings should be designed to operate as hydrodynamic 
bearings. When this condition is not fully met, the bear- 
ing system slips into the region of boundary lubrication 
(Fig. 4), or worse, complete bearing failure. The reason 
for this is that the situation of the journal contacting 
the bearing creates an entirely different set of conditions 
from that encountered with true hydrodynamic lubrica- 
tion. Problems of conformability, Hertzian stresses, and 
compatibility of metals immediately arise, whereas (ex- 
cept for the comparatively short starting and stopping 
periods) they did not exist before. 

Aside from mechanical imperfections in the system, 
a real threat to correct conditions of ZN/p lies first in 
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Fig. 3—Pressure distribution around a full journal bearing. 


the human element—the people that are responsible for 
the care and maintenance of this carefully engineered 
system. The specific failure alluded to here is viscosity 
change — sometimes caused by using an unspecified oil 
for a given set of conditions. An examination of the 
curve of Fig. 4 discloses that it is possible for changes 
in Z, N or p to change the situation so that a bearing 
which is operating in the hydrodynamic region is thrown 
into the transition region or even into the boundary 
lubrication region. It is advisable to employ realism in 
the design by actually attempting to ascertain if the user 
of the machine has a preferred type of oil which falls 
into some definite viscosity range and some definite vis- 
cosity index range. Such information, in cases where 
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Fig. 4—Relation between ratio ZN/p and coefficient of friction 
for journal bearing. 
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Table |—Bearing Design Practices 























Maximum psi Suitable 
projected Z, Minimum Suitable Suitable 
Machinery Bearing bearing area | centipoises ZN/p c/D L/D 
Reciprocating Main 250t 30 30 0.001 1.0-2.2 
pumps & com- Crankpin 6007 to 20 <0.001 0.9-1.7 
pressors Wristpin 10007 80 10 <0.001 1.5-2.0 
Generators, motors Rotor 100 t—200* 25 200 0.0013 1.0-2.0 
& centrifugal pumps 
Machine tools Main 300 40 | 1 0.001 1.0-4.0 
| = — - 
Punching and shear- Main 40007 100 0.001 1.0-2.0 
ing machines Crankpin 80007 100 0.001 1.0-2.0 
*Force-feed bricatior 
tRing, dro, er, splash lubrication, scraper lubrication 
it is reliable, is then used as part of the hypothesis of Table t1—Galling Characteristics for Five 
the design problem. Secondly, the viscosity index is a Combinations of As-Machined Metals 
property which should be given reasonable consideration —_ 
in the selection of a lubricant. The Hydrodynamic Theory Average 
is based upon a theoretically assumed constant viscosity. Shc Galling | coefficient 
: ; » Metal Combination pressure | of friction 
It is therefore obvious that the designer must have a : ere eee ———— ——————s aig icp 
reasonable estimate of the change of viscosity for the SAE 1035 Steel—RMS 60 (finish) <2000 0.22 
> Cte. > ore > Te re spat > -aring vs 
exper ted temperature range of operation of the bearing Navy M Bronze—_RMS 40 
in question. ies pases isepepaaodieaiee 
Table I, Bearing Design Practices, can be used as a SAE 1035 Steel—RMS 60 
. . Ls SR ee > a a eee vs 2750 0.16 
guide for establishing certain conditions in the designing Ordinary Graphitic C. L—RMS 160 
of bearings. (4) Suggested values for maximum load in i Sc a I 
psi of projected bearing area, viscosity, minimum ZN/p, SAE 1035 Steel—RMS 60 
lin eat TION ite: teat, alee ne, en oh : vs 3500 0.16 
c/D ratio and L ratio are given. Lhe values shown 1n Proprietary C. I. 30,000—-RMS 125 
the table for the various parameters are based on em- —-— a —_—_— 
ee . = E SAE 1035 Steel—RMS 60 
pirical considerations. a snee 0.16 
Run-In. The period during which a new machine is Proprietary C. I. 50,000—RMS 70 | 
first run under power represents the most critical phase - oe oa 
pee : , : ail 5 : Proprietary C. I. 50,000—RMS 65 
in its entire life. Any damage incurred at this time is en 2750 | 0.11 
irrevocable, except by replacement of parts, and is usually Proprietary C. I. 50,000—RMS 75 


progressive in nature. To understand what actually occurs 
in journal bearings and all sliding-surface bearings dur- 
ing this period, one must have a realistic concept of the 
situation of two surfaces in direct contact with each other. 

Some rather revealing results are indicated by tests 
which were conducted by a company which produces 
graphitically controlled, high-quality proprietary 
iron (in the following to be referred to as proprietary 
C.1.). The of these to determine 
friction characteristics of several combinations of metals, 
comparative friction characteristics of as-machined and 


cast 


purposes tests were 


run-in metals, and a workable procedure for running in 
bearings. 

Table II shows that with metals which have not been 
run-in (i.e., metals which are in the as-machined condi- 
tion), galling occurs at relatively low unit pressure. (5) 

The tests referred to in the tabulation of Table II were 
run with steel as the rotating material, except in the case 
of the double proprietary C.I. combination. Journal speed 
was 31 rpm. Load was applied at the rate of 250 psi/min 
until galling ensued. Test pieces were immersed in oil 
of 211 SSU at 100 F. 

Tests of conditioned metals showed significantly dif- 
ferent results. A conditioned metal is one that has been 
run-in other a which had _ the 
surface asperities removed, for all practical purposes. 
Tests were made with conditioned steel against three 


in words, metal has 
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*The types are identified by average tensile strength ratings of a 1 in. section; 
thus, proprietary C.I. 30,000 refers to a type of material with a controlled micro- 
structure which has a 30,000 psi tensile rating for a 1 in. section (Meehanite). 


as-machined materials. The accompanying set of curves 
(Fig. 5) of unit pressure vs coefficient of friction shows 
that galling occurred at about 2500 psi for the steel- 
bronze combination within the range represented and 
no galling occurred in the other two combinations of 
metal; furthermore, there was a decrease in the coefficient 
of friction with increased loading. This test was run under 
the same conditions as the as-machined metals test. 

The plot of Fig. 6 shows results that were obtained 
by a run-in process which the aforementioned company 
refers to as a “pre-conditioning” process. This amounts 
to loading the surfaces in increments which are less in 
summation than the load for which the system is designed. 
Between the load increments, rest periods of no load 
are imposed. The graph of Fig. 6 shows a typical run-in 
picture for SAE 1035 steel in combination with pro- 
prietary C.1.-50,000. Both surfaces were as-machined and 
loaded at the rate of 250 lb per min, with the introduction 
of rest periods after every four 250 psi load increments. 
On the same system is shown a plot of the test specimens 
subsequently rerun under continuous progressive loading. 
In the latter case, frictional resistance increased slightly 
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Fig. 5—Comparative tests of condi- 
tioned and as-machined metals. 
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Fig. 6—Results of run-in by pre-con- 
ditioning process, SAE 1035 steel in 
combination with proprietary C. I. 
50,000 Ib/sq in. tensile strength. 


with increased loading until a critical value was reached. 
Further loading then produced a decrease in the coefficient 
of friction with no galling occurring. By such a procedure 
of effecting a drop in temperature at the contact surfaces 
of the asperities after some definite loading interval, the 
steadily increasing coefficient of friction is retarded before 
galling and attendant adverse effects can develop. The 
curve illustrates that the dispersion of points is made to 
follow a pattern of limitations with respect to rising 
coefficient as the load is increased. Thus the frictional 
resistance becomes progressively lower with increased 
loading. These surfaces are now said to be run-in and 
ready for continuous operation at the designed load 
conditions. 

During the run-in period a change in surface geometry 
occurs. When steel is run in combination with bronze, 
cast iron, or the proprietary C.I., the steel member under- 
goes the greater change of the pair of metals. This happens 
because steel has the ability to cold flow, whereas the 
others mentioned do not. 

Conclusions of tests made by the aforementioned com- 
pany indicate that: 
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2000 3000 


Pressure, psi 


4000 5000 


e—e As- machined surfaces loaded at 250 psi per min 
Rest periods introduced after every 4 load increments. 


—— Samples rerun (now “worr, in") with no rest periods. 


l. So far as surface-wear effects are concerned, the 
importance of the coefficient of friction is minor, provided 
that it is controlled during the run-in period. 

2. The idea of two dissimilar metals in contact being 
essential for good bearing performance seems to lack 
scientific support. 


3. Causes of surface failure are: 
a. rough or inaccurate machining 

b. improper selection of surface finishes 

c. incorrect clearances 

d. overload caused by misalignment 

e. faulty lubrication 

f. uncontrolled temperature conditions leading to 
lubricant failure 

g. lack of proper run-in procedure. 


Molybdenum disulfide compounds have been used suc- 
cessfully as an aid in effecting run-in. The theory is that 
the extreme pressure areas at the asperities of the metals 
in contact become plated with slip planes and thus slip 
over each other without interlocking. If this idea were 
100 per cent effective, the ultimate objective of running 
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in could never be realized; that is, the asperities would 
never be reduced General experience with such com- 
pounds indicates that the idea is not entirely effective, 
but its net effect is good since it furnishes some safeguard 
against prolonged high temperatures at the contact 
surfaces. 

Antifriction Bearings. There is an increasing trend 
toward the employment of antifriction bearings. When a 
proper comparison is made, they do have some advantages 
to offer over journal bearings: rapidity of replacement, 
some types will tolerate misalignment, some types are 
prelubricated and sealed, and they offer relative insen- 
sitivity to changes in lubricant viscosity. A bearing must 
be manufactured of material that is hard enough to 
prevent plastic deformation under high load and not 
so brittle that it fails under shock loading. In addition 
to experiencing high compression at the race surfaces, 
bearings must withstand subsurface shear stresses as high 
as 200,000 psi. The fact that the stress at a point may 
reach such high values and then be reduced to zero at 
least once during each revolution makes it necessary that 
the bearing race material possess high fatigue strength 
in order to withstand these high-frequency stress reversals. 

The way in which such machine components as anti- 
friction bearings are used determines their effectiveness. 
Normally supplied ball-race clearance is designed for a 
press fit of either the inner or the outer race, but not both. 
One reason for premature failure in many cases is lack 
of attention to manufacturers’ specifications pertaining 
to shaft and housing fits and lack of attention to whether 
it is the inner or the outer race which is rotating. The 
ideal situation for installation is a press fit on one race 
and a push fit on the other race just enough interfer- 
ence to prevent creeping of the more loosely fit race. 
Race creep leads to undesirable wear and consequent 
looseness in the subassembly of which the bearing is an 
integral part. 

In general. the manufacturer’s housing and shaft fits 
are a satisfactory fundamental guide. Each case. however, 
must be examined as.a separate problem. Some manufac- 
turers’ engineering manuals present several ranges of fits 
for a given size bearing. The designer must, as always, 
arrive at a compromise among such factors as precise- 
ness of fit, initial cost, and ease of replacement. One 
manufacturer’s housing tolerance tables give sizes ranging 
from a slide fit to a light force fit in thirteen graduations. 
Any housing fits or shaft fits which are set up by the de- 
signer must be examined for the possibility of race creep- 
age. One school of thought advances the idea that race 
creepage is beneficial to the bearing because it changes 
the stressed area of the race continually. In practice, 
however, it has been found that this is not the case 
because motion of a creeping race is unpredictable and 
creeping also eventually leads to wear which is progres- 
sive in nature. In some cases where ease of assembly is 
the dictating factor, devices such as O-rings have been 
used successfully to prevent races from creeping. Other 
answers to this particular problem have appeared in the 
form of shimmed snap rings, axial compression nuts, 
and the like. It should be obvious that only a retainer 
which prevents race creepage by axial stress is a likely 
solution to such problems. Any such artifices as set 
screws which induce radial stressing are causes of seri- 
ous bearing troubles. 

An understanding of the meaning of the term “bearing 
life” as applied to rolling-contact elements is essential to 
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the proper selection of a bearing for a given application. 
Identical tests performed on seemingly identical bearings 
give greatly varying results. Any such graph of life vs 
cycles of operation is necessarily a dispersion curve. 
Bearing life therefore is based on life expectancies of a 
certain percentage of large groups of samples. These 
generalizations apply to any large group of bearings: 


@ maximum life is about four times the average life 

@ maximum life may be thirty to fifty times the 
minimum life 

@ about forty per cent of the bearings in a group will 
exhibit longevity which exceeds the mean life. 


These large variances are characteristic of all types of 
rolling-contact bearings. In every case where the cost of 
a ground bearing is justified, bearing life must be con- 
sidered as a critical factor. 

The term “rated life” as used by manufacturers is de- 
fined as the number of hours that a certain percentage 
of specimens, usually 90 per cent, will successfully oper- 
ate under specific conditions of load and speed. It is 
important for the designer to realize that bearing life 
varies inversely as the cube of the applied load. (6) 


L = k/W? 


The factor K is a function of the ball-to-race clearance 
and the applied load. This well-established empirical 
equation is useful because it allows the life at one load 
to be converted to the equivalent life at another load. 
The converse is also true: the permissible practical load 
corresponding to one life figure can be converted to the 
equivalent permissible practical load at some other life 
figure. Manufacturers’ catalog figures on life for a given 
load will vary with a change from inner to outer race 
rotation. Inner vs outer race rotation is a critical con- 
sideration because the difference in the number of stress 
reversals at the points of maximum loading is reflected, 
logically enough, in the life of the bearing. Generally a 
bearing with the outer race rotating can carry only 
about 70 per cent of the load that the same bearing 
operating with inner race rotation will support. 

Many antifriction bearing applications which were 
otherwise painstakingly designed have failed prematurely 
because the specific question of lubrication was not given 
proper consideration. Greases are generally used for this 
type of bearing because they are easier than oil to apply 
and to retain. Greases also tend to inhibit the entry 
of foreign matter more effectively than oils. A complete 
knowledge of the subject of greases, their types and their 
applications, is a study in itself. For most industrial ap- 
plications, however, the machine designer will be work- 
ing with situations which fall into the categories that have 
only certain basic requirements for bearing lubricants. 
The most salient consideration in selecting a grease is 
the operating temperature range of the bearing. For the 
range covered by the 65-130 F temperatures, ordinary 
soda or lime-base compounds are satisfactory. Above 
130 F, lime-base greases should not be used because they 
soften and run from the bearing. The constituents separ- 
ate and do not subsequently recombine, with the result 
that the oil drains and leaves the gummy soap in the 
bearing. In the range covered by 130-190 F, soda-base 
greases have proved to be satisfactory. 

A second consideration in the selection of a grease is 
the question of moisture. Lime-base greases are com- 
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pletely water insoluble. In a moist atmosphere these com- 
pounds give comparatively poor protection from the 
effects of moisture. Soda-base greases, on the other hand, 
will combine with small amounts of moisture to form a 
harmless emulsion. 

It has been found that in many applications the 
difference between shielded bearings and sealed bearings 
has been overlooked or ignored. Both the sealed types 
and the shielded types are supplied as prelubricated bear- 
ings — that is, they are packed with grease by the manu- 
facturer. Single-closure bearings are sometimes used in 
applications such as shaft ends, where lubrication is 
supplied from the inside of the system and the closures 
face outward. Shields should be used mainly to resist 
the damage which can be caused by relatively large 
particles of foreign matter which could do damage to 
a softer seal. The advantages afforded by the shielded 
types as opposed to the sealed types are few. The shields, 
having clearance between the closure and the race, do 
not always retain the grease for the normal life of the 
bearing. Relubrication and consequent purging of con- 
taminants is practically impossible because no provision 
is made for such action in the design of the bearing. 

In general, the sealed, prelubricated type of bearing 
is the best choice, unless the bearing can be guaranteed 
a systematic, routine purging as part of the regimen of 
the lubrication program. 

As bearing materials, nylon and Teflon have been 
found to be useful in situations of light load and possible 
shaft misalignment. They are used in areas where it is 
difficult or impossible to inject a lubricant. Each design 
problem must be regarded as an individual situation, 
but there are general guides which should be followed 
as aids in the selection of the proper material: 


1. At room temperature, nylon is much_ harder, 
stronger, and resistant to abrasion and deformation 
than Teflon. 

2. At lower temperatures, nylon is the preferable ma- 
terial because it is the stronger of the two materials. 

3. At temperatures ranging from 120 to 450 F, Teflon 
is preferred because it is more abrasion resistant 
and stronger than nylon. 

4. Teflon, because of its comparatively low coefficient 
of friction, can be used dry, but nylon should be 
lubricated. Almost any fluid will serve as a lubricant. 

5. A fifth factor is that nylon bearings are commer- 
cially available in steel press-in housings. 


Dry-Film Lubricant. Elementary tests were run for 
the purpose of evaluating a dry-film compound as a lubri- 
cant for lightly loaded journal bearings. The compound 
tested was a commercial preparation of molybdenum di- 
sulfide and graphite, oven-cured and bonded to the metal 
surface. Lubricant was bonded to the metal by an epoxy 
resin or by a silicone resin. The dry film compound 
functions as a lubricant that fills the valleys between the 
surface asperities with a slippery film which is bonded 
to the surface or surfaces. It slides against itself if both 
members are coated, or against a film which develops on 
the uncoated member by; the natural process of transfer 
when contact occurs between the two surfaces. Another 
alleged aid to the effectiveness of such compounds is 
that the material is trapped in the metal when any flow 
occurs at the surface asperities, thus creating a condition 
similar to solid solution graphite in cast iron. 
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The test agenda called for runs with a steel journal 
and a bronze bearing, and runs with a steel journal and 
a cast-iron bearing. The journals were manufactured of 
SAE 1095 tool steel hardened to 55-58 Rockwell C, 
ground, lapped, and then coated with the test compound. 
The compound was applied by its manufacturer to the 
test journals and the test bearings. Its thickness was in 
the order of magnitude of 0.0001 in. Diametral clearance 
in both bearings ran from 0.0005-0.0008 in., uncorrected 
for thickness of lubricant compound. Test-bearing di- 
mensions were 1 in. bore by 2 in. length. The cast iron 
specimen is referred to as Bearing No. 1; the bronze 
specimen as Bearing No. 2. All temperatures referred 
to are shell temperatures. Journal speed was 1750 rpm. 

In the test of Bearing No. 1, a run was made at no load 
for 0.20 hr for the purpose of running in the bearing 
and journal. Average shell temperature was 150 F. At 
13.2 psi unit-load, shell temperature was 150-180 F for 
0.34 hr. Temperature then rose suddenly to 280 F for 
the remaining 0.16 hr of this initial loading period. At 
17.6 psi unit-load, shell temperature increased to 300 F. 
The bearing operated at this condition for 0.03 hr, when 
chattering and screeching, coupled with unsteady opera- 
tion, ensued. The journal had seized. Upon cooling to 
room temperature, the bearing freed the journal. The 
test was re-started at 8.8 psi unit load and ran at 230 F 
for 0.83 hr. At this time the load had to be reduced to 
4.4 psi because of rough, unsteady operation of the 
journal. This load was maintained for a period of 0.07 
hr at a shell temperature of 300 F, but at the end of 
this period the test had to be interrupted because of 
chatter, screeching, and subsequent galling. Allowing the 
test pieces to cool to room temperature resulted in freeing 
of the journal from the bearing. Extreme discoloration 
of the journal resulted from the overheating to which it 
had been subjected in the final run. Pre-test measurements 
and post-test measurements indicated an average figure 
of 0.0006 in. diametral wear on the journal and on the 
bearing. The test of the bronze bearing gave similar re- 
sults except that, in the final run, complete, permanent 
seizure with attendant welding occurred. The load for the 
final run of the No. 2 bearing was 13.2 psi of projected 
bearing area. 

For the conditions investigated, this material was con- 
sidered to be unsatisfactory because it could not be run 
at loads above 18 psi of projected bearing area. It was 
recommended that further investigation into the method 
of testing be made. It is possible that the clearances of 
these two tests were incorrect for the dry-film lubricant 
which was used. This possibility must be considered be- 
cause the extremely high shell temperatures encountered 
at low loads indicate high friction and very high bearing- 
surface temperatures. oO0Oo 
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Reactor Control 
Of Induction Motors 


Where speed and torque control, high 
reliability, and repetitive reversing opera- 
tions are important, it is becoming in- 
creasingly advantageous to utilize either 
saturable or fixed reactors to replace 
standard contactors in the control of in- 
duction motors. Wound-retor motors lend 
themselves particularly to this type of 
control, but squirrel-cage units may also 


be successfully controlled. 
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REACTORS, BOTH FIXED AND SATURABLE, have been used 
for many years in the control of power drives in the 
lower (up to 100) horsepower ratings. With proper 
design, however, they can be applied on drives with 
ratings up to 1000 hp and above. Applications are many, 
including (in the material handling field) cranes, con- 
veyors, transportation equipment, and—in recent years 
missile-handling systems. In most cases, reactors are used 
to replace contactors in the control of squirrel-cage or 
wound-rotor induction motors; they lend themselves par- 
ticularly to applications where one or more of the follow- 
ing requirements exist: 

e repetitive operations 

e high reliability 

e frequent reversals 

e speed control 

e torque control. 

From the standpoint of cost, a fixed reactor is ap- 
proximately the same as 2 or 3 contactors; a saturable 
reactor is equivalent to 5 contactors. Consideration must 
also be taken of motor heating, the effect of the reactors 
on the power supply system, and the means by which 
they are to be controlled. In some cases, of course, cost 
is subservient to maximum reliability and minimum 
down time of the driven equipment. 
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Simplified saturable reactor circuit (a), and typical characteristics curves (b). 
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Definitions. A fixed reactor is a continuous coil with 
or without an iron core. The term “fixed reactor” means 
that there is no easy external means of varying its im- 
pedance when it is tied to a given power system and 
that there is basically only one winding to carry the 
rated current. This, in essence, means that there is no 
control winding. The one winding is built to take rated 
a-c current for a given time either intermittently or con- 
tinuously. 

The saturable reactor is an inductive device whose 
impedance can be controlled. It has one primary wind- 
ing for a-c power (typically made up of two or four in- 
dividual coils) and a secondary, or control, winding to 
which d-c is applied. Saturable reactors can be single- 
phase, two-phase, or three-phase, the most common being 
the single-phase unit. 

A circuit using a single-phase saturable reactor is 
shown in Fig. 1. The curves in Fig. lb are the character- 
istics for this typical circuit. Each represents the voltage 
drop across the reactor vs the per cent of full-load rated 
a-c current for various values of d-c control. Thus, for zero 
d-c control current, the drop across the reactor is high 
for a small load current. This small current is called the 
excitation current and can be considered to be that cur- 
rent required to cause essentially all the voltage drop to 
be across the reactor with no drop across the load. 

If the d-c control current is increased, the impedance of 
the reactor (and the voltage drop across it) decreases, 
permitting more current to flow through the load. A 
general rule that can be applied to saturable reactors 
up to approximately 150 per cent of their rated a-c cur- 
rent is that it takes 1 ampere-turn of d-c for each ampere- 
turn of a-c to keep the reactor saturated or at minimum 
voltage drop. This rule is not true above 150 per cent 
rated current, because more iron is required to produce 
the saturated condition in that case. 

The d-c power required to saturate a given reactor 
depends upon the voltage drop allowable at minimum 
impedance. The generally accepted standard reactors are 
built to permit 30 per cent voltage drop across the reac- 
tor at 100 per cent a-c current and with 100 per cent 
control current. This, of course, does not mean that there 
is a 30 per cent loss in voltage at the load, because the 
reactor voltage and the load voltage are not in phase. 
However, when the load is a motor, the reactors normally 
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must be a little larger and the voitage drop allowable at 
minimum impedance is held to 10 per cent at rated d-c 
and a-c current. The d-c power required to obtain this is 
generally | per cent on reactors above 25 kva, but smaller 
units require a larger percentage of d-c because the 
physical size of the reactors does not decrease in propor- 
tion to the rating. Above 25 kva, the 1 per cent propor- 
tionality rule is quite accurate. In these ratings, cost is a 
straight-line function of kva. 

Saturable reactors are commonly built with a C-core 
construction in ratings up to about 25 or 30 kva, and 
above that they are usually stacked. Some manufacturers 
make torroidal-core saturable reactors to reduce the 
weight and the amount of control power required. 

The time constant, 7'., of a saturable reactor can be 
varied by the way in which the a-c windings are con- 
nected. That is, the lowest 7, is obtained by connecting 
all of the a-c windings in series. This provides the same 
time constant on both build-up and decay of the satur- 
ation. A longer 7’, can be obtained by connecting the 
power windings in parallel or series-parallel combina- 
tions. 

Single-Phase Primary Control. The simplest and 
least expensive means of obtaining cushioned starting 
or some speed and torque control of a three-phase motor 
is the use of a saturable reactor in one phase (Fig. 2). 
The amount of cushioning obtained is dependent on the 
size of the resistor in the d-c control circuit. In some 
cases, the resistor can be eliminated if the d-c value is 
proper. After the drive is started or after it reaches full 
speed, the reactor can be shorted out for long running 
periods to conserve power and reactor size. The use of 
this non-reversing circuit is limited to infrequent cush- 
ioned starting of small drives. 

The speed-torque curves for a NEMA Design B 
squirrel-cage motor using this circuit are shown in Fig. 
2b. The low starting torque in this application is a dis- 
advantage. If NEMA Design D squirrel-cage motors 
with 8 to 13 per cent slip at full load are used, a start- 
ing torque of 100 per cent full load or greater may be 
obtained with a saturable reactor rated for full-load mo- 
tor current. 

The best application of the single-phase reactor con- 
trol is to wound-rotor motors with external secondary 
resistors (Fig. 2c). In this case the majority of the power 
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Fig. 2 — Single-phase saturable reactor control in primary (a); speed-torque curves for NEMA Design B squirrel-cage motor (b) ; 


and wound-rotor motor with external resistance in rotor (c). 
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Induction motor with one phase shifted 180 deg to achieve reversed rota- 


tion (a); same circuit with saturable reactors for speed control and reversal 


added (b). 
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Fig. 4— Speed-torque curves for NEMA Design B squirrel-cage motor with 
single-phase saturable reactor primary control. 


dissipated in control is outside the motor. By using a 
wound-rotor motor and varying the secondary resist- 
ance, the saturable reactor size may be kept to a mini- 
mum and the drive no longer needs to be highly inter- 
mittent but can be used on light duty cycles. The system 
is not suited to operation continuously at low speeds. 

The speed control or torque control obtainable is in- 
dicated by the shaded area in Fig. 2c. Opetation must 
be maintained with loads greater than the torque at 
point A. This torque is determined by the secondary re- 
sistance and is approximately 1% the torque at 1% full- 
voltage speed as long as there is enough resistance 
in the rotor circuit to cause pullout at a slip greater than 
0.75. If the slip is less, as in Fig. 2b, the maximum 
single-phase torque occurs at a higher speed. 

Torque control is obtained by variation of the control 
resistor, which in turn varies the speed-torque curve from 
the minimum curve to the maximum. Speed control is 
obtained by varying the torque to maintain the desired 
speed or by connecting a d-c tachometer to the drive 
motor and using the tachometer voltage to oppose the 
control voltage, automatically reducing the torque when 
the speed rises. Generally, when speed control is required, 
the load should be higher than at point A in Fig. 2c 
or some other means of obtaining speed control in the 
area between the zero per cent d-c curve and zero torque 
is required, 

Reversing of an induction motor is accomplished 
through the use of two saturable reactors. Figure 3a 
shows a simple three-phase circuit in which a 1-to-] trans- 
former has been inserted to reverse one phase and, con- 
sequently, the direction of rotation of the motor. In Fig. 
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3b, two saturable reactors have been added to the circuit 
to permit reversing speed and direction. Forward rotation 
resulis when reactor L, is saturated and L, is unsaturated. 
As the control on L, is reduced, the motor will slow down 
in the forward direction, eventually coming to a stop 
when the voltages in the two reactors are balanced. Then, 
as the control L. is brought up so that it saturates, the 
motor will run in the reverse direction. 

Accelerations and decelerations are inherently smooth 
with this single-phase reactor system. Since both re- 
actors are in series with one motor phase, they are at 
some degree of unsaturation most of the time and op- 
pose current changes or torque changes. From available 
test data, it has been found that the time required to 
accommodate a torque change from zero to full load is 
between 0.2 and 0.4 sec. This can be compared with 
0.008 sec for the case of a normal contact controller. 

Figure 4 shows graphically how sub-synchronous op- 
erating speeds are obtained. Dashed lines A and B are 
forward and reverse motor speed-torque curves, respec- 
tively, with 100 per cent external resistance in the motor 
secondary corresponding to 100 per cent full-load torque 
at breakaway. By selecting the proper value of d-c con- 
trol field current on the forward reactor, curve A’ is ob- 
tained; and, in a like manner, the reverse reactor can 
simultaneously provide a value of impedance to give 
curve B’. For 20 per cent forward speed, torques propor- 
tional to F and R are theoretically developed by the two 
voltage supplies to the motor. The actual torque devel- 
oped in the motor is, of course, the difference between 
Fk and R, giving point C. If saturation of the forward 
reactor is changed to give curve A” and the speed is at 
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10 per cent, point C’ is obtained. A load curve drawn 
through points C and C’ can thus be determined. 

To obtain other load curves, such as curves 2 and 3, 
the relative strengths of the forward and reverse reactors 
are changed by changing the control voltage. To obtain 
greater torque in the forward or reverse direction, the 
motor external secondary resistance is changed with 
contactors, 

This control system is not meant for operating con- 
tinuously at low speed and is best suited for drives 
which run at full speed or which are stopped most of 
the time and run at low speed or accelerate only occa- 
sionally. On drives with these characteristics, the con- 
trol and the motor can be operated continuously. 

The choice of secondary resistance is a very important 
factor in the successful operation of any saturable re- 
actor drive. For the least heating, the resistors should be 
designed so that the motor may operate as near to full 
voltage as possible. Also, for a given secondary resistor, 
the operating range should be kept between 0 and 80 
per cent of the full 3-phase voltage-breakdown slip. 


This type of control has the following advantages: 
(1) a minimum number of reactors is required 
(2) a minimum of d-c supply is required for control 
(3) good speed control may be obtained with 20 to 
30 per cent inherent speed regulation 
4 to 8 per cent speed regulation is possible on 
drives using a speed regulator 
torque control may be obtained 
controlled plugging on stopping is obtained 


the number of contactors required may be re- 
duced. 


The disadvantages are that the torque and speed control 
are obtained by unbalancing the motor voltage, the mo- 
tor currents in two phases never reduce with load, and 
applications to squirrel-cage motors are very limited. 

Two-Phase Primary Control. A two-phase system 
for a non-reversing drive uses two saturable reactors as 
shown in Fig. 5a. For a reversing drive, four reactors 
would be required. These reactors carry the rated cur- 
rent of the motor and sustained line voltage when they 
are unsaturated. They are smaller in kva rating and phys- 
ical size then those required for the reversing single- 
phase drive, but the same size as those in the non-revers- 
ing, single-phase drive. Generally, kva rating of reactors 
for a 2-phase drive is determined by dividing the horse- 
power rating of the motor by \/3. However, if the motor 
has an exceptionally poor power factor or if higher than 
normal torque is required, the reactor rating must be 
increased. 

It is normal, in these applications, to select reactors 
whose excitation current will be less than 5 per cent of 
full-load motor current. (This means that the excitation 
current in the line which has no reactor will be 10 per 
cent of full load.) With these ratings, the excitation 
current losses while idle are less than 0.5 per cent of the 
motor’s full-load, full-speed losses. 

Since the output torque of an induction motor is pro- 
portional to the square of the line voltage if the three 
phases are balanced, it would appear that the presence of 
the saturable reactors would adversely affect the motor’s 
output. This is not the case, however, since the two satur- 
able reactors not only control the voltage but also create a 


JANUARY 1960 


Squirrel - 
cage or 
wound - 
rotor motor 


variable 
resistor 


100 %od-c 


100% 200% 
Torque 
(bd) 


Fig. 5-—Simplified schematic of two-phase saturable reactor 
control in primary (a); speed-torque curves for NEMA Design 
B squirrel-cage motor (b) ; and wound-rotor motor with external 
resistance in rotor (c). 


phase shift. This shift actually helps to produce nearly 
balanced currents and voltages at the motor at any con- 
dition of reactor saturation. 

The two-phase control system has advantages over the 
single-phase system in that motor heating is less, the 
speed range is wider, and better torque control can be 
obtained. These features permit the application of a 
two-phase system to squirrel-cage motors on intermittent 
duty. It is not uncommon, also, to use blowers on squirrel- 
cage motors to dissipate the extra losses produced when 
operating below synchronous speed. 

The shaded area in Fig. 5b shows the range over which 
a squirrel-cage motor can be controlled. The zero per 
cent speed-torque curve shows considerably less minimum 
torque than that in Fig. 2b which, in effect, increases 
the load range over which the control may be operated. 
The 100 per cent d-c control curve shows about the same 
performance characteristic as for the single-phase control 
since the extra drop across the second reactor offsets the 
greater unbalance in voltages produced by the single- 
phase system. However, the use of NEMA Design B 
squirrel-cage motors is still limited because the maximum 
starting torque is low unless the reactor is greatly over- 
rated. If the motor is a Design D, high-slip, squirrel-cage 
unit, the starting torque is increased and may be used 
on many intermittent crane drives and other traversing 
drives. 

Figure 5c shows the performance of a two-phase con- 
trol with a wound-rotor motor. The shaded area is avail- 
able for speed or torque control. The speed-torque curves 
are such that, with at least 30 per cent resistance in the 
rotor, all the speed-torque curves are stable and do not 
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Fig. 6 
typical performance curves (b). 
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Fig. 7— Three-phase saturable reactor control in primary (a) ; 
speed-torque curves for NEMA Design B squirrel-cage motor 
(b); wound-rotor motor with external resistance in rotor (c). 
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tend to increase in torque with an increase in speed. 
The opposite of this is seen in the 100 per cent curve in 
Fig. 5b. If the speed range is required only from 50 to 
100 per cent speed, the secondary resistance may be re- 
duced to 15 per cent with stable speed-torque curves 
maintained. 

On drives such as those encountered in material han- 
dling, at least 10 per cent of the motor’s torque is taken 
up in friction so the two-phase, non-reversing control 
can provide stepless control with any load whereas the 
single-phase, non-reversing control requires a_ higher 
minimum load. 

When a drive is required to handle motoring loads, 
overhauling loads, or frequent reversals, or where opera- 
tion over a wide speed range (up to 200 to 1) is required, 
a reversing 2-phase primary saturable reactor control is 


used. Figure 6a shows the basic circuit. This system 


operates on the principle that, to reverse an induction 
motor, only two motor leads need be reversed. The 
reversal is obtained in this circuit by the saturation of 
two reactors at a time, the switching in saturation from 
one pair to the other effectively switching the line con- 
nections to the motor. 

Figure 6b shows the speed-torque curves obtained with 
this type of speed feedback. 
supplying a reference d-c voltage to the forward reactors. 
This produces about 170 per cent torque at zero speed. 


Curve 1 is obtained by 


The high torque produces acceleration and, as the speed 
starts to rise, the voltage from the tachometer bucks the 
reference and reduces the saturation of the forward re- 
actors. If the load is light, the motor thus accelerates to 
a stable speed where the tachometer voltage equals the 
reference voltage. At this point, both pairs of saturable 
reactors would be unsaturated because it takes essentially 
zero power to keep the motor running at no load and 
low speed. 

If load is applied, the motor slows down to a point 
where the difference between reference and tachometer 
voltages is enough to maintain just enough torque to keep 
the load at the desired speed. Any further increase in 
torque to lower the speed produces a _ corresponding 
difference between reference and feedback. The converse 
is also true. If the load overhauls the motor, the tach- 
ometer voltage exceeds the reference voltage, turning off 
the forward reactors and raising the saturation of the 
reverse reactors to provide plugging. 

To obtain other sub-synchronous speed-torque curves, 
the size of the reference voltage is changed. To reverse 
the operation and obtain curve 3, the polarity of the 
reference is reversed. Curves 2 and 4 are the full-speed 
curves for forward and reverse direction. They are ob- 
tained by saturating the proper reactors fully without 
any tachometer feedback. Curve 4 would be used to pro- 
vide regenerative braking for a drive such as a hoist 
when a load is being lowered. 

4 NEMA Design D squirrel-cage motor may be used 
with the control in Fig. 6, but only for intermittent duty. 
when a wound-rotor motor is used, the secondary re- 
sistance should be varied to provide the best torque-to- 
current relation. The resistance may be varied by con- 
tactors controlled by accelerating relays or a fixed reactor 
may be used to vary the resistance steplessly. Whichever 
way the secondary resistance is varied, the two-phase 
primary saturable reactor control is the most economical 
method of obtaining any one or all of the features men- 
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Fig. 8 — Control with fixed reactors in secondary of wound-rotor 
induction motor. 


tioned at the beginning of this article. It also has the 
widest field of application when compared to the single- 
phase and three-phase circuits. Its only limitation is on 
large motors, where the small unbalance in voltage may 
cause other small motors to overheat. The two-phase 
system lends itself readily to practically any duty cycle 
or intermittent drive, provided a major portion of the 
cycle is spent at full speed or stopped. 

Three-Phase Primary Control. The use of three- 
phase primary reactor control provides a means of keep- 
ing all the currents and voltages balanced. If the drive 
is nonreversing, as shown in Fig. 7, the voltage ratings of 
the reactors can be the phase voltage and the current 
rating can be the line current. This permits the kva of 
the reactors to be 1% smaller than the ratings for the 
two-phase system. For a reversing drive with three-phase 
primary control, at least 4 of the 6 reactors would have 
to be able to carry full line voltage and line current. 

It is advisable to use three single-phase reactors rather 
than one three-phase unit. In a three-phase unit, if one 
of the phases fails for some reason, deleterious unbal- 
anced voltages are set up in the d-c control winding by 
the two remaining phases. 

Three-phase control is used only where the motor 
requires completely balanced voltages and currents. The 
reduced losses due to the balance do, of course, permit 
the use of a smaller motor. 

Fixed-Reactor Secondary Control. Fixed reactors 
in the secondary of a wound-rotor motor may be used 
to obtain constant torque for acceleration or, in con- 
junction with saturable reactor control in the primary, 
to vary the secondary resistance. Figure 8 shows a 
typical circuit for varying the effective secondary re- 
sistance as the motor speed varies. The variation in re- 
sistance is based on the fact that the frequency of the 
voltage in the motor secondary varies in proportion to 
the slip, thereby varying the amount of saturation of 
the fixed reactors. In a 60-cycle system, for instance, 
the reactors would be designed to have a high impedance 
at 60 cycles, which is the frequency in the secondary 
at zero speed. Thus most of the current is forced into 
the resistors, providing for high starting torque. As the 
motor speed increases, the slip and the secondary fre- 
quency decrease, lowering the impedance of the reactors. 
The effective resistance of the secondary is thus lowered 
to provide maximum speed at full load. 
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Fig. 9 — Control with saturable reactors in secondary. 


When a motor is plugged at full speed with fixed reac- 
tors in the secondary, the rotor frequency is twice the 
supply frequency. This makes the reactor impedance very 
high so that practically all of the plugging current flows 
through the resistors rather than through the reactors. 

In some drives, a constant torque during acceleration 
is desired. By using air-core, fixed reactors, the desired 
torque can be held within +5 per cent up to 85 per 
cent speed and will be 90 per cent speed at full load. 
If higher speed is desired, the resistors must be shorted 
out at full load. 

Saturable-Reactor Secondary Control. Saturable 
reactors can be used to control secondary impedance as 
shown in Fig. 9. The impedance of the reactors is varied 
by the d-c control windings as well as the frequency of 
the secondary voltage so the application is somewhat 
complicated and must be carefully designed. The control 
of torque at low speeds is good but the reactor becomes 
less effective as the speed increases. 

A three-phase unit may be used in the application 
rather than three single-phase units since the possibility 
of one phase opening up is slight. The application of 
this circuit best lends itself to non-reversing drives or 
drives where reversing is infrequent. The motor should 
always be loaded to 14 full load or above. The voltage 
rating of each reactor is equal to the secondary-phase 
voltage for non-reversing drives, and twice the secondary- 


phase voltage when reversing contactors are used for 
ogcg 


plugging and accelerating duty. 
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The Plasma-Arc Torch: 
A New Research Tool 


R. M. GAGE, Assistant Manager 
Newark Development Laboratory 
Linpe Company, Division ot 

Union Carsipve Corp 


in tate 1955 Linde introduced the 
modern plasma jet for the cutting of 
aluminum, and more recently a radi- 
method for fabricating 
shapes and applying coatings to with- 
stand temperatures above 5000 F. The 


‘ ally new 


process, which harnesses the highest 
controlled temperatures ever used in 
up to 30,000 F 


sible the fast and accurate mass pro- 


industry makes pos- 
duction of ultra-hard materials that 
have been virtually unworkable by any 
conventional means in the past. 

In addition to experimental rocket 
and missile parts of pure tungsten or 
tungsten-coated graphite, the new torch 
has already been used to produce high- 
density tungsten crucibles for metal- 
lurgical purposes, special parts for nu- 
clear work, sensitive electrical contacts, 
and electronic components and X-ray 
targets of superior density. 

The introduction of Linde’s modern 
ire plasma jet for metal cutting and 
fabrication made available a long-lived 
tool producing a controlled-atmosphere 
flame several times as hot as any com- 
hustion flame. Since the activity on plas- 
ma jets began early in 1957, the plasma 
jet has been proposed for many things. 
including space propulsion. The prin- 
cipal spur in this interest was the mis- 
sile re-entry problem. The plasma jet 
is uniquely suited to simulate, in the 
laboratory, the severe heating and ablat- 
I 


conditions of nose-cone re-entry, 
z 


The term “plasma jet” 


ig 
ig. 
as used here 
means only a stream of intensely hot, 
ionized gas. Such a jet is formed by 
passing any gas or vapor through an 
arc. The primitive plasma-jet device 
shown in Fig. 2 was devised thirty-five 
ears ago by Gerdien in Europe. The 
here is stabilized by a vortex of 


by ArNoLp E. 


Ok ey 
a AO 


Fig. 1 
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The Linde plasma-are torch as used in research. Mounted here as a wind-tunnel 


aid, it can produce hot gases of such velocity that they can reproduce the conditions 
that a missile would encounter when it re-enters the earth’s atmosphere. Simulation 
of Mach 20 speeds are possible for materials testing with this plasma jet, shown 


shooting upward. 


water. Jets of steam plasma squirt out 
both ends toward the electrodes. 

Since the Gerdien arc jet was first 
devised, this and other experimental 
plasma devices have been studied in 
Europe, mainly Germany. Temperatures 
up to 50,000 K have been produced by 
making the water vortex small so as 


to squeeze the arc into a small channel. 
Such devices have been until recently 
of academic interest only, partly be- 
cause the carbon electrodes are rapidly 
consumed, and partly because water 
vapor is unacceptable in most applica- 
tions 

modern 


Two basic types of the 
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Fig. 2—Gerdien water-turbine arc. 
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Two types of plasma-jet torches. 


plasma-jet device are sketched in Fig. 
3. In Fig. 3a, the “transferred” arc is 
shown where, after leaving the nozzle, 
both the are and gas stream continue 
to the work. This is the basis for metal 
cutting. In the torch of Fig. 3b, the 
are is forced into and perhaps through 
the nozzle by the flow of gas; the arc 
ends on the nozzle and the hot gas 
keeps going. This so-called “non-trans- 
ferred” are torch is the basis for are 
plating. 

The physical essence of the modern 
plasma-jet device is that the electric 
are column is forced to operate within 
a small-diameter tube through which 
go both a part of the are and a flow 
of gas. By making the nozzle small 
relative to the normal unconfined are, 
the arc is made to fill a substantial part 
of the nozzle. Thus, a substantial part 
of the gas flow through the nozzle 
must also be through the arc. The con- 
trasting case is where the arc diameter 
is normally smaller than that of the 
nozzle. Under this condition only a 
small part of the gas is forced through 
the arc. 

The advantages provided by arc- 
constricting nozzles include: 

e First: arc-flame stability — the 
plasma from a constricting nozzle goes 
in the direction it is pointed, even at 
relatively low gas flows. 

e Second: concentration of power— 
this is most obviously important in 
metal cutting, where it is desired to 
make the kerf as narrow as possible. 

e Third: concentration of momentum 

the value of this is apparent in ac- 
celerating metal particles to be plated 
or in ejecting molten metal from a cut. 
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e Fourth: heating of gas and powder 

material passed around an are will 
be heated very little, as compared with 
maierial forced through an arc. 

All of these properties of an arc in 
a nozzle are at a maximum when the 
nozzle is made as small as practicable 
for a given use. An example can be 
taken from Heliarc metal-cutting prac- 
tice. The current can be 500 amp, the 
voltage 100 volts, and the gas flow 100 
cfh. Fifty kilowatts are delivered 
through the nozzle at an average gas 
temperature of 10,000 to 15,000 deg K. 
For a %-in. diam nozzle, the power 
concentration is 3 megawatts per sq. 
in.; the velocity of the gas is about 
equal to sonic velocity at these high 
temperatures, which is several thousand 
mph. This concentration of power and 
momentum produces clean, narrow cuts 
in one-inch thick aluminum at a rate 
of hundreds of feet per hour. 


In a properly designed torch, the 
arc column does not touch the nozzle, 
so that the torch nozzle materials are 
not required to withstand the arc 
temperatures. This is illustrated in 
Fig. 4. The nozzle wall is cold relative 
to the arc. Surrounding the arc column 
proper and adjacent to the nozzle wall 
is an annular layer of cooler gas having 
a very steep radial temperature gradi- 
ent. At low gas flows through the noz- 
zle, the cool layer results from the 
radial flow of heat to the nozzle. At 
higher gas flows, much of this radially 
flowing heat is swept out by the flow of 
gas before reaching the nozzle wall. 

The relatively cool non-conductive 
gas at the wall forms a tube of elec- 
trical and thermal insulation to stabilize 
the arc column centrally in the nozzle 
and protect the nozzle. This insulation 
is effective to the extent that in metal- 
cutting operations, for example, less 
than 10 per cent of the total heat goes 
to the nozzle; this is mostly radiation 
from the arc. A gross breakdown of 
this film of insulation resulting either 
from current overload or excessive gas 
turbulence in the nozzle produces noz- 
zle failure, sometimes catastrophic. 

When an electric arc is constricted 
in a nozzle, its voltage gradient in- 
creases significantly. Thus, when an are 
is squeezed, its cross-section gets much 
smaller. Therefore, the column resist- 
ance is high relative to an unconstricted 
arc. A given current through this high 
resistance produces a high voltage and 
power dissipation, and increases the 
arc temperature. This is shown in Figs 
5 and 6. Figure 5 compares the tem- 
peratures of two different arcs in argon. 
One is a normal unconstricted arc; the 
other is constricted by a %¢-in. diam 
nozzle. Even at this modest constriction, 
a 30 per cent increase in temperature 
and a 100 per cent increase in voltage 
is observed. Figure 6 gives arc-column 
voltage gradients in a nozzle vs nozzle 


Fig. 4-—Nozzle protection. 


diameter for a series of different nozzle 
diameters. The 80 volts/in. in a ¥-in. 
diam nozzle is nearly an order of mag- 
nitude greater than that of an other- 
wise comparable unconstricted arc. 

In a non-transferred arc in which 
the nozzle itself is a primary electrode. 
the arc current must somehow go 
through or around the “insulation” 


Tungsten 
cathode 


18,000° K 24,000°K 


Open arc 


eae Constricted arc 
4.5 volts 


40 cfh gas flow, 
3/16 in.diam 
nozzle, 29 volts 


Anode + Oo! O02 O03 
( Woter-cooled copper ) 


Inches 


Fig. 5—Comparison of open and con- 
stricted arc tem peratures, with argon gas 
and current of 200 amp. 
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Voltage gradients, various nozzles. 
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formed by the cool gas annulus. In 
Fig. 7a the are goes out from the noz- 
zie and then comes back to the face 
of the nozzle, thus getting around the 
cool gas annulus. High gas flow and 
short nozzles favor such operation. In 
Fig. 7b the nozzle is sufficiently long 
that the are is entirely contained with- 
in the nozzle. The per cent of total 
current through each of several sec- 
tions of such a nozzle is shown in 
Fig. 8. As seen, the current does not 
all go to one point, but is distributed 
along a part of the nozzle length. 
There are two ways the current gets 
through the “non-conductive” gas an- 
nulus; first, it can puncture the annulus 
in one or many discrete anode spots 
lightning from the 


clouds to earth: second, the electrons 


much as jumps 
can get to the nozzle by diffusely drift- 
ing through the thin “cool” layer. 

The non-transferred type of torch 
operation in which the nozzle is the 
anode is inherently severe on the torch 
nozzle. An anode can quickly be de- 
stroyed, as evidenced by Heliare cut- 
ting where the current and the flow of 
energy from the are column are delib- 
erately concentrated on a small anode 
area. However, non-transferred torches 
can be operated quite successfully at 
currents up to 5000 amp and more. 
The problem is one of dispersal of the 
anode spots, both with regard to area 
and dwell time. 

Any gas or mixture of gases which 
does not attack the tungsten cathode 


Processing Method 
For Tape-Wound Cores 
Reduces Losses 


Cc. C. HORSTMAN 

Specialty Transformer Dept. 
Westincuouse Evecrric Corp 
Greenville, Pennsylvania 


POROIDAL TAPE-WOUND CORES of vari- 


ous magnetic materials are used 
extensively in components such as 
reactors, transformers and 
in magnetic amplifiers. 


generally fall into two main 


saturable 
Tape-wound 
cores 
classifications: — silicon-iron _ toroids, 
usually made of grain-oriented iron-sili- 
con alloy in gages from 1 to 12 mils; 
and nickel alloys, such as 50 per cent 
iron-nickel oriented square-loop ma- 
terial and the 4-79 Permalloy materials 
in various gages. 

Silicon-iron toroids are used in many 
nonlinear electronic component appli- 
cations. When cost is a factor, the 
cores are usually used unboxed, but 
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can be used in the plasma-jet torch. 


These include the rare gases, argon 
and helium, plus nitrogen and hydrogen. 
The diatomic gases, particularly hy- 
drogen, have good heat-transfer char- 
acteristics to a workpiece, but are often 
metallurgically unacceptable. 

In the cutting of metals, it is usually 
best to put the work in the circuit as 
the anode. It is desired to fuse the 
work, and transferred operation does 
this with greatest efficiency. In many 
coating processes, however, it is de- 
sired that the work remain as cool as 
possible. The arc has done its work 
in the torch in heating and accelerat- 
ing the particles. Hence, the arc is 
ended on the nozzle. In melting ceramic 
material, the arc anode is usually on 
the nozzle because the work is a poor 
electrical conductor. However, in the 
manual cutting of relatively thin metals, 
a transferred are will go out if progress 
along the line of cut is too slow and, 
since cutting is so rapid, the somewhat 
lesser efficiency of the non-transferred 
mode is of no consequence. 

The practical range of power for 
continuous operation of plasma-jet de- 
vices is as great as that for normal un- 
constricted arcs. This range is from a 
few watts (such as might be used for 
welding very thin material) up to at 
least a few megawatts (such as might 
be used to test missile designs). Full- 
scale simulation of missile re-entry 
would require hundreds of megawatts, 
which is about equal to the capacity 
of the largest modern generators. This 
is a worthy and seemingly attainable 
goal, 


Torches for wind-tunnel operation re- 


this presents some problems in manu- 
facture. Particularly if made from 
thinner than 12-mil material, the core, 
as wound and annealed, is relatively 


spongy and not suitable for machine 
winding the copper coils. Since the 
material is likely to be stressed by the 
machine in winding the copper wire. 
the magnetic results are likely to be 
variable and unsatisfactory. To com- 
hat this problem, the tape-wound cores 
are usually dipped or impregnated 
with a suitable resin, which is subse- 
quently polymerized to make the core 
solid and suitable for chucking in an 
automatic winding machine. 

Unfortunately, bonding or impreg- 
nating the core will increase the core 
loss by a factor of 15 per cent and the 
exciting current by a factor of 50 per 
cent, approximately. 

By using a new “Whirlclad” process, 
tape-wound manufactured 
that will have the stability required 
for machine winding and still retain 
the superior magnetic qualities of a 
core untreated with resin. The treat- 
ment consists of placing a heated core 


cores are 


Fig. 7—Modes of conduction to nozzle. 
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Fig. 8—Current distribution in nozzle. 


quire not only special shielding for 
protecting the cathode from air, but 
also are often combined with extensive 
vacuum systems on the downstream side 
for high-altitude simulation. Torches 
for plating must have shields to pro- 
tect the electrodes from the powder 
particles in the gas stream. Each new 
are-torch design typically has been re- 
sponsive to a previously unfilled need. 


c ~ cr 
Sm 


in a fluidized bed of resin particles 
so that the resin melts and hardens 
on the core uniformly. The result is 
a resin skin of from 10 to 30 mils in 
thickness over the entire core surface, 
making the core suitable for direct 
application of the copper wire using 
an automatic winding machine. A core 
treated in this manner is known as a 
“Polyclad” core (Fig. 1). 

The resin used in this treatment is 
a modified epoxy resin and shows no 


1—Typical Polyclad toroidal cores. 
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flow to at least 170 C. making it suit 
able for most applications. The effect 
of this coating on magnetic properties is 
shown in Fig. 2. The resin coating 
treatment does not affect the core loss 
and it increases the exciting current 
by only approximately 10 per cent. 

The use of Polyclad cores eliminates 
i taping operation since the coating is 
suitable for direct winding. According 
to test results, over 3000 volts to 
ground are required to break down the 
eating 

For the relatively insensitive oriented 
ilicon-iron alloys, the coating may be 
ipplied directly over the core. For 
the more sensitive nickel-iron alloys. 
it is first necessary to enclose the an 
nealed core in a well-anodized alumi- 
num box with a suitable damping 
medium. This box is then given the 
\ hirl lad 


magnet 


treatment, resulting in a 
amplifier core suitably en- 
cased in a coated metal box that will 
meet severe environmental conditions. 
Here again, the need for taping the 
box is eliminated by the use of the 
coating. The process provides a coated, 
sealed nickel-iron core with excellent 


magnetic characteristics 
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Fig. 2—(a) Effect of the Polyclad resin 
coating on core loss as compared to the 
conventionally impregnated core; (b) 
effect of the Polyclad resin coating on 
the core exciting current as compared to 
an untreated core and an impregnated 


core, 
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Transistor Amplifier 
Used in 
Temperature Controller 


By ELIMINATING VACUUM TUBES and 
makiag maximum use of printed cir- 
cuitry, Fenwal Incorporated has im- 
proved the reliability and reduced the 
size of its thermistor-actuated tempera- 
ture controllers (Fig. 1). By using 
transistors, the designers of the new 
unit have matched the life and trouble- 
free maintenance of the amplifier to 
those of the thermistor sensors. 
Basically, the controller consists of 
an a-c bridge circuit (Fig. 2), which 
utilizes a 2-stage amplifier. The second 
stage of the amplifier is phase-sensitive 


and is used to energize the coil of a 
relay. The relay provides single-pole, 
double-throw switching. The control 
temperature is set by adjusting po- 
tentiometer R3 by means of the control 
knob shown in Fig. 3. When the tem- 
perature is below the set point, bridge 
unbalance is such that current flows 
through the phase-sensitive transistor 
stage and the relay is always energized. 
When the temperature reaches the set 
point, the resistance of the thermistor 
decreases sufficiently to reverse the cur- 
rent flow in the bridge, reversing the 
polarity of the first-stage transistor. 
The phase-sensitive stage then becomes 
an infinite resistance and the relay 
drops out. 

The controller has several fail-safe 


features. An external short in the 


Fig. 1—Newly designed temperature controller utilizes printed circuitry to reduce size. 
Overall dimensions of housing at upper left are 5 x 43g x 21% in. 


termina 


Fig. 2 


Schematic diagram of transistorized controller amplifier. 
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thermistor probe will cause the relay 
to drop out and failure of power to 
the controller also causes the relay to 
be de-energized. The unit can be used 
with thermistor sensing elements in a 
variety of configurations and the sensor 
may be located up to several hundred 
feet from the controller using uncom- 
pensated standard electric wire as the 
connection. 

The thermistor controller has a 2 
deg F setting accuracy within an ambi- 


Die-Cast Taper-Pin 
Connectors Simplify 
Equipment Design 


R. L. GOODMAN and B. DeSTEFANI 
Gries Repropucer Corporation 
New Rochelle, New York 


BECAUSE OF THE REQUIREMENTS for 
complex shape, close tolerances and 
low cost, many current taper-pin con- 
nector designs have taken advantage 
of the design flexibility of automatic 
die-casting techniques developed by 
Gries Reproducer Corporation. 

A pin and its mating receptacle 
must provide not only a good electrical 
connection, but also a sturdy mechani- 
cal unit. The connections must with- 
stand a direct pull of 15 to 18 lb with- 
out losing good contact or becoming 
unseated. In some cases an even higher 
tension must not 


cause connector 


failure. 


Fig. 1—Taper-pin receptacles used by the 
Dictaphone Corporation eliminate sol- 
dered connections and simplify mainte- 
nance. Connection of two or more sets 
is accomplished by securing a wire in a 
notch formed in the “bridge” between 
the receptacles. 
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ient temperature range from 0 to 125 
F and sensitive operating differentials 
as low as 0.4 F. Operating temperature 
ranges currently extend from 25 to 600 
F, depending on the sensor. The lower 
limit is expected to be reduced to —15 
F in the near future. Although currently 
available only as an ON-OFF controller, 
it is expected that future modifications 


will provide proportioning and indicat- 


) 


ing features. OO 


Fig. 3—Controller may be equipped with 
either an internal or external dial or 
knob for control-point adjustment. 


Intricate shapes are frequently re- 
quired to provide contact or to make 
a receptacle convenient in limited 
space. Often the receptacle must be 
directly connected to another facing 
in the same direction, or connect to 
another receptacle on the opposite side 
of a terminal board for feed-through 
operation. Complex cases sometimes 
arise in connecting a taper pin to 
some circuit element such as a reading 
device or switch. 

In addition to meeting all the elec- 
trical and mechanical requirements in- 
dicated, a receptacle nearly always 
must provide for fastening, aligning 
or orientation within the supporting 
Other 


for pins and receptacles which may 


structure. fabrication methods 


meet electrical and mechanical re- 
quirements often fail to provide for 
alignment. The ease with which die 
casting can produce complex and _ in- 
tricate shapes has been of great im- 
portance in meeting the demands for 


Fig. 2—In the AMP, Inc., double taper- 
pin receptacle, pins can be inserted from 
either end. The boss, shown at the center 
of the die-cast pins, positions and locks 
the receptacle into the terminal strip. 
This boss would prevent economical fab- 
rication by any other method. 


self-aligning, self-seating and self- 
locking construction. 

While the use of taper-pin connectors 
has grown through the demands of 
electronic computers and similar equip- 
ment, their advantages also make them 
practical in highly competitive con- 
sumer and industrial products. The 
Dictaphone Corporation, for example, 
has determined that not only can 
manufacturing costs be cut by using 
taper-pin connectors instead of solder- 
ing, but servicing of the units is simpler 
with the modular construction such 
Now, the 

dictating 
reproducer 


connectors make _ possible. 
components of the 
equipment—the amplifier, 

and cutting head 
through groups of receptacles. The 
serviceman may replace an entire com- 
ponent for factory service. The recep- 
tacles used in Dictaphone equipment, 
Fig. 1, are based on multiples of two 
and four taper pins each. Originally 
these were formed progressively from 
sheet metal with soldering, a_ costly 


major 


are wired together 


Fig. 3—Multiple electrical connection to 
cam-operated circuit-contact sets in IBM 
computer equipment was simplified by 
these taper-pin receptacles. The large 
mounting holes, shown next to the taper- 
pin receptacles, are threaded and also 
serve as an electrical connection. 
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RED /LINE 


timing relays ‘‘Pay Off’’! 


At Magnetic Controls Company, where power 
supply reliability is sacred, design engineers 
selected G-V Red/Line Thermal Relays over all 
others. According to Magnetic Controls, ‘‘The 
timing cycle does not change with ambient 
temperature change...acharacteristic which 
is essential for maximum performance .. .’’ 
They have used the recognized quality of 
Red/Line in 13 different models of their 
power supplies without a single relay failure. 
That’s reliability! So, at Magnetic Controls, 
the high quality of G-V Timing Relays is 
‘“paying off’. 


More and more companies are finding the 


At Magnetic Controls Company... 


reliable performance of G-V Red/Line Timing 
Relays makes them best for their products. 
G-V Red/Line Relays will pay off in your 
product, too. Your customers appreciate the 
importance of high quality, reliable compo- 
nents. G-V Red/Line Timing Relays are spe- 
cially designed for industrial applications. 
They have the precision, reliability and long 
life needed to ‘‘pay off’’ in industrial use. 


Your G-V distributor has them in -« * 


stock now. Call him or write ‘ 
for Bulletin 131 today. 


G-V CONTROLS INC. 


Livingston, New Jersey 
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operation. The type illustrated is a 
zinc-alloy die casting. Once the econ- 
omy of the die-casting method was 
realized, the common group of four was 
die cast as a unit. 

The double taper pins used by AMP. 
Inc.. Fig. 2. are relatively simple in 
design; the pins may be inserted in 
the receptacle from either end. An 
important feature of the two-pin unit 
is a boss or land at the mid-point of 
the cylinder which positions and locks 
the receptacles in place in the terminal 
strip. Two of these two-pin units are 
die cast with electrical bridges to form 
a four-pin receptacle. 

Frequently multiple connections are 
required in running electrical leads 
to functional or structural parts. In 
a specific case of this kind. IBM equip- 
ment used in a computer circuit  re- 
quired multiple connections to. struc- 
tural members of a  cam-operated 
circuit-contact set. The parts. Fig. 3. 
are zine die castings designed to sup- 
port elements of the circuit-contact 
set. The cam-operated unit is mounted 
in a threaded hole which also serves 
as an electrical connection. This as- 
sembly method permits easy removal 
and replacement of the complete unit 
when contact points require servicing. 
Taper-pin receptacles, shown just below 
the threaded mounting holes, are also 
die cast into these parts. 

When a receptacle must be attached 
to another member, die casting can 
produce a_ receptacle with its own 
attachment means. The receptacle used 
Aircraft: Division GEDA 


incor porates two 


in Goodyear 
computer, Fig. 4, 
integral rivet lugs which permit the 
part to be securely mounted without 


separate fasteners 


Fig. 4—Gries Reproducer produced these 
receptacles with integral attachment 
members for use in Goodyear Aircraft 
Division’s GEDA computer. Rivet lugs 
permit the parts to be mounted without 
separate fasteners. 


Rotor Moment of 
Inertia Measurement 


LOUIS J. FRANGIPANE 
Engineer, Systems Division 
Kearrott Company, Ine. 
Clifton, N.J. 


IN BOTH THE DESIGN and the applica- 
tion of rotary control components (in- 
cluding synchros and servo motors). 
it is frequently necessary to know their 
moments of inertia. For rotary parts 
which are constructed of combinations 
of materials (such as electrical rotors), 
and for complex shapes such as gears 
and pulleys. the computation of mo- 
ments of inertia is time consuming, so 
that a method of laboratory measure- 
ment can be ue ful 

\ cylindrical disk supported by a 
filament or small-diameter shaft with 
the latter fixed at its upper end will 
act as a torsion pendulum. If the disk 
is rotated about the Y-Y axis. the shaft 
will twist and exert a restoring torque. 
The disk will rotate in the direction 
opposite to that of the original dis- 
placement and will assume a condition 
of oscillatory rotation or torsional vi- 
bration. 

The rotation of the disk is periodic 
and is described by the equation: 


I! 


2a) Gy 


where 


pendulum period, the time for 
one complete cycle, sec 

the mass moment of inertia of 
the disk, Ib-sec?-in. 

length of the shaft, in. 
modulus of rigidity of the shaft 
in shear, lb in.* 

shaft polar moment of inertia, 
in.4 


If d is shaft diameter in inches, 


a : 


a 
d= 

The principle of the torsion pendulum 
is applied to the measurement of rotor 
moment of inertia by employing simple 
substitution. A torsion pendulum is 
constructed using a simple disk of 
homogeneous material so that its mo- 
readily and 
accurately calculated. The period of 
the simple disk is compared with that 
of the more complex rotor. using the 
same shaft and length of shaft. 

Adapting the basic expression for 
pendulum period (above) : 


ment of inertia can be 


17° 
GJ I kl 


The factor k involves quantities which 
are constant if the same shaft or wire 





A torsion pendulum, consisting of a rela- 
tively massive disk suspended by a thin 
shaft or wire free to twist and fixed at its 
upper end. 


is used for both the simple disk model 
and the test rotor. The test rotor mo- 
ment of inertia can then be determined 
directly from measurement of the peri- 
ods of the pendulum using the simple 
disk and then the test rotor: 


The pendulum shaft or wire should 
give a period long enough for conven- 
ient and accurate measurement with the 
particular rotor masses to be tested. 
Stainless steel wire of diameter small 
enough so that the suspended mass 
will draw it straight, and strong enough 
to support the weight, is recommended. 
For rotors in the order of 14 Ib, for 
instance, stainless-steel wire 0.008 in 
diam. and 6 ft in length has been used 
successfully. 

The model disk should be a simple 
cylinder so that its moment of inertia 
can be computed from the expression: 


1 


I=5 


r2 
q 


w here 


W (ar2h) » 


g acceleration due to gravity 


density 


r= radius of model disk, in. 
h= height of model disk, in. 


Convenient means must be provided 
for attaching first the model disk and 
then the test rotor to the pendulum 
wire. A mark or line is used on the 
disk and on the rotor for observing 
and measuring the time of oscillation 
in each case. The time required for 
10 complete cycles is measured, and 
from this an average time ¢ for one 
cycle is computed. From the weight 
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Docperatwe INGNCCenmng 


Cooperative engineering at Merkle-Korff consists not only 
of determining the most economical adaptation of standard 
geared motor units wherever possible, but the creation of 
special drive units where conditions warrant. 


Breakdown tests at Merkle-Korff are intended to develop 
comfortable margins of safety, insuring life in excess of 
normal expectations. Merkle-Korff quality causes many 
tests to be given up long before the motor’s gears and 
bearings are worn out. 


Coincidental with Merkle-Korff’s cooperative engineering 


in f. h. p. motors 


program are its precision manufacturing program, with 
use of high quality steels, heat treating, controlled lubri- 
cation, close tolerances, and its continuous statistical 
quality control program. 

Qualified engineering repre- 

sentatives available in all 

strategic industrial centers. 

Consultation on your needs 

or requirements is solicited. 

Phone, wire or write 


ae | a 


211 NORTH MORGAN STREET * CHICAGO 7 + ILLINOIS + MOnroe 6-1900 
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and dimensions of the model disk. its 
calculated. 
From the measured periods and the 


model disk 


moment of inertia of the test rotor can 


moment of inertia can be 


moment of inertia, the 


be computed. ( 


New Roller Bearing 
Cage Design 


A series oF channel-shaped outer ring 
roller bearings recently introduced by 
features a new, 
which 
application of the bearings at speeds 
higher than those attainable with full- 
complement types. 


The Torrington Co. 


patented cage design permits 


Longer and larger 
rollers in these standard inch-size cage- 
type roller bearings result in greater 
capacities than were heretofore avail- 
able. Made in sizes ranging from 34 to 
4 in. bore, Series HJ bearings may 
be applied directly to hardened and 
ground shafts or used with inner rings 
which are also available. Boundary di- 
mensions conform to standard AFBMA 
series NAA and NAB, and the bearings 
are interchangeable with needle bear- 
ings made to these standards. 

The one-piece cage design separates 
roller guiding and roller retaining func- 
tions by employing a cage bar de- 
pressed within the roller pitch circle. 
Roller guidance takes place at the ends 
of the rollers, and at the pitch line 
where guidance is most effectively ac- 
complished with minimum friction. 
Rollers are retained by the middle por- 
tion of the cage bar which is always out 
of contact with the rollers during opera- 
tion, preventing the needless wiping 
away of lubricant common with ordi- 
nary cylindrical cages. Lubricant circu- 
lates freely through the bearing. Rollers 
have controlled-contour profiles — the 
ends being a few hundred-thousandths 
of an inch less in diameter than the 


One-piece cage roller bearing introduced 
by The Torrington Co., Torrington, Conn. 
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Cradleclips for Wire Assemblies 


Tue INsucomw CrapLecuip system for wiring assemblies has been designed to cut wiring 
time and provide safe, permanent operation. Developed by Electrovert Inc., New York, 
N. Y., the standard unit, right, consists of a molded Nylon cradle and a Neoprene clip 
which hooks into each end of the cradle. In the miniature model, left, the clip is per- 
manently hinged to the top of one side of the cradle. Miniature units will accommodate 
diameters of 5/32 to 4 in. while larger sizes will hold up to 244 in. Where larger 
diameters are required, two or more sets can be used in tandem. When wiring changes 
are necessary, slight pressure opens the clip. Made to military specifications, the 


Cradleclip will operate over a temperature range of approx - 


76 to +212 F. Miniature 


unit weighs 0.012 oz. The cradle may be fastened to a mounting support in this type; 
however, a plain straight binder is also available. A simple gage for measuring the size 


of a bundle of wires to determine necessary clip size may be obtained. 


middle. This end-relief design prevents 
stress concentration at the ends of the 
rollers and insures uniform load dis- 
tribution. 

The new design gives extremely long 


guidance at roller ends 


flange riding cage 
end relieved rollers 


one-piece cage, 
patented design 
with depressed cage bars 


guiding area 


retention area 


Details of new bearing construction. 


O00 


service life and combines highly ef- 
fective roller guidance, minimum in- 
ternal friction, and generous provisions 
for lubrication to allow operation at 


higher speeds. o:O'O 


may be used on hardened 
and ground shafts, 
or with inner races 


roller rotation 
distributes lubricant 
to all contact surfaces 


ample 
roller rotation lubricant 


storage 
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PERFORMANCE 


e D 


RESIN-COATED 
SILVERED MICA 
CAPACITORS 


temperature range 


tolerances 


insulation resistance 


moisture resistance 


thermal and 
immersion cycling 


Sangamo Type D mica capacitors combine the excellent 
electrical performance characteristics of silvered mica with 
a multi-layer, protective case of high moisture-resistant 
thermo-setting resins. 

The Type D is designed to operate over the temperature 
range of —55°C to +125°C at rated working voltage without 
derating. ; 


Available in capacitance tolerance values of +20%, 
+10%, +5%, +2%, +1% (or +1 mmfd, whichever is 
greater). 

The insulation resistance of these capacitors will exceed 
3,000 megohms at 125°C. 


Insulation resistance shall be greater than 1000 megohms 
as measured in accordance with paragraph 2.6.2 of EIA 
specification RS-186-A, Method 2. Paragraphs 2. 4 and 2.6.1 
do not apply. The test shall continue for 10 cycles, as de- 
scribed in paragraph 2. 5. 


Insulation resistance shall be greater than 3000 megohms 
after being subjected to temperature cycling between —55°C 
and +125°C, as outlined in Method 102-A, Test Condition D, 
and followed by Method 104-A, Test Condition A, of MIL- 
STD 202A, 


Write for Bulletin TSC-118C 


SANGAMO 
ELECTRIC 


DC WORKING 
VOLTAGE - 
VOLTS. 


COMPANY 


100-2000 
100-4000 


SC-59-10 SPRINGFIELD, ILLINOIS , 1000-10000 


JANUARY 1960 


1000-20000 
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The Solion 
Integrator 


{dvanced Design 
Ve hicle 


COMPANY 


lL. WILSON, 
Missile and 
GENERAL ELecrre 
Philade Iphia, 


Engineer 


Space Department 


Penn. 


Fue Souion INtrecRATOR, Fig. 1, is a 


cell, 


in glass, and designed to contain four 


precision electrochemical housed 
small platinum electrodes and a chem- 
ical solution of potassium iodide (KI) 
and iodine (1.) 
The and 
cathode make up the covers of a small 
0.00025 


storing electrical informa- 


dissolved in a suitable 


solvent. anode 


integrator 


cylindrical volume (less than 
cu in.) for 
tion in the form of ions. The integrator 
cathode 


hydraulic 


contains a fixed amount of 


porosity for completing the 
internal solution path to the other two 
electrodes (i.e., separation anode and 
cathode). The overall housing size need 
not be larger than 0.1 cu in. for any 
specif applic ation. 

In Solion control devices the prin- 
( iple of operation is concentration (dif- 
fusion) polarization, an expression used 
to describe an electrode effect caused by 
its Operation in a chemical solution. If 
0.9 volt d-c is 


separation 


connected across the 


electrodes, iodine accepts 
electrons from the cathode and is there- 
by converted to 


negatively charged 


iodine (iodide ion); the reverse 


reac- 
tion occurs simultaneously at the anode. 
If this reaction is permitted to continue, 
a deficiency of iodine is created at the 
cathode. In the absence of mechanical 
and thermal agitation, additional iodine 
can reach the separation cathode by 
diffusion only. Since particle motion 
due to diffusion is slow, the steady-state 
output current of electrodes polarized 
by concentration effects decreases to 
small value. The magnitude of this cur- 
rent is also dependent upon the overall 
concentration of iodine in the solution 
reaching the separation cathode. 

In the case of the Solion Integrator, 
practically all of the iodine accumu- 
lates and is localized in the separation 
anode chamber because the semi-porous 
material virtually stops all iodine dif- 
fusion to the cathode. Thus, in the ab- 
sence of standby current 
(prior to triggering by transducer ef- 
fects) of the integrator electrodes is 
less than 1 pamp. 

The stored for 
many years and produces 1 to several 
thousand 


iodine, the 


Integrator can be 


pamp as a true-time inte- 
grated function of an electrical input 
and delivers this current to a load 
for hours without loss. For instance, us- 


ing the circuit in Fig. 2, 


the response 
shown in Fig. 3 can be obtained for an 
input current of 200 pamp lasting for 
ten sec. When the switch is closed, a 
cell is formed between electrodes 4 and 
1. lodine is produced at the integrator 
anode and an equal amount of iodide 
ion at the separation anode. The mag- 
nitude of the reaction is determined by 
the input. Iodine then diffuses to the 
integrator cathode which senses the con- 
centration changes produced in the 
volume it encloses by producing an elec- 
tric current. The latter continues to in- 
crease at a constant rate until the in- 
put signal is removed. The magnituce 
of the integration slope is determined 
by diffusion and electrode design 
After 10 hr. the integrator out- 


put is reset at zero. Loss of current in 


aspects. 
this time interval is less than 1.5 pet 
cent per hr. 
The integrator will withstand vibra- 
tion in all three axes from rest to 50 g 
at 0 to 2000 cycles with displacements 
up to 0.5 in. The integrator is still 
the experimental 


stage but is being 


considered for use in inertial and 


computing devices. 


KI, 1, solution, 


Separation cathode 


Seporotion or 
ss till eas e ‘soae eam 
2,000 
ohms 


ntegrator anode 


/ 


SD 


Fig. 1—Solion 


than 0.4 cu in. 


7 KI solution 


ntegrotor 


Integrator 


occupies less 


09 volt 





— |+ 
nl 
30- ohm load 


output 





foo. 


Ss 


9 


Schematic of typical Solion integratin 


g circuit, 


Fig. 3—Performance curve for Solion Integrator. 


Oo 
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Mohdvdl k's H-F comdele jacketed and: insulated 


. -in commun 


4 


with TENITE POLYETHYLENE 


For community television distributing eal in com 
area, Mohawk H-F coaxials do a complete transmission 
job, from tower or relay station right into the living room. 

Tenite Polyethylene is used as jacketing and insulating 
material on these cables. It offers all-round high perform- 
ance which gives them long life, keeps line loss low, and 
permits ease in installation. 

“As a jacketing material, tough Tenite Polyethylene pro- 
vides excellent resistance to abrasion, weathering, mois- 
ture, and heat. Users can look forward to years of maxi- 
mim protection. 

As an insulating material, Tenite Polyethylene has a 
low power factor, which holds energy losses to a | mini- 


mum. In these Mohawk cables, both solid and foamed — 
Tenite Polyethylene are used for, primary insulation.. 
the foamed material having ah éven lower djelectric 
constant than the solid, thus making possible a thinner 
insulation with a resulting decrease in cable weight. 

Linemen find that cable jacketed with lightweight 
Tenite Polyethylene is easy to handle and strip and is 
flexible even at sub-zero temperatures. 

There is a formulation of Tenite Polyethylene to meet 
the demahds of most insulating and jacketing applica- . 
tions. For further information on this useful plastic, write 
EASTMAN CHEMICAL PropuCcTS, INC., subsidiary of 
Eastman Kodak Company, KINGSPORT, TENNESSEE. 


J al 


@ Both,natural and black electrical grade Tenite Polyethylene are * 
available to cable manufacturers as unique spherical pellets whi 2 
flow freely in the extrusion process and in “air-veying” bulk ship- 
ments from truck to bin. ¥ 
@ Cable manufattured by Mohawk Wire & Cable Conpordaiak: 320. ‘POLYE 
River Street, Fitchburg, Massachusetts. Jacketing and insulation ex- — 
__ truded of Tenite Polyethylene. 








New Miniature 
VARIABLE 
INDUCTOR 


FOR VERTICAL OR HORIZONTAL | 
MOUNTING IN PRINTED | 
CIRCUIT BOARDS | 


This new, ultra tiny Variable Inductor, | 
with amazing subminiature character- | 
istics, has stable inductance at extreme 
temperature variations and high reli- 
ability, along with light-weight and min- 
iature size features. 


e INDUCTANCE RANGE: 0.10 to 4700 ,H 


e INDUCTANCE ADJUSTABLE: +20% 


e ENVIRONMENTAL: Encapsulated in 
epoxy resin for protection against cli- 
matic and mechanical conditions. 


WRITE TODAY 


Free Descriptive 
Literature Available 


| ties, 


Association Activities 


Plastics Society 

Program Announced 

The Society of Plastics Engineers’ 16th 
Annual Technical Conference will be 
held at the Conrad Hilton Hotel in 
Chicago January 12-15, 1960. A 
liminary listing of sessions follows: 


pre- 


Tuesday, January 12 
Polymer Structure, Physical Proper- 
Blow Molding, Fabricating and 


| Finishing, Casting and Plastics Tool- 


y 
ing. 


Professional Activities Groups Ses- 


| sions: Polymer Structure and Proper- 


ties, Plastics in Buildings, Casting and 
Plastics Tooling, Finishing, Fabricat- 
ing. 


Wednesday, January 13 


Injection Molding—I, Extrusion—I, 
Reinforced Plastics, Standards for Re- 
porting Properties, Thermosetting 
Molding, Plastics in Electrical Insula- 
tion, Packaging, Vinyl Plastics—I. 

Professional Activities Groups Ses- 
sions: Injection Molding, Viny] Plas- 
Plastics in Electrical Insulation, 
Extrusion, Reinforced Plastics. 


tics, 


Thursday, January 14 
Injection Molding—II, Extrusion 
II, New Materials—I, Vinyl Plastics 
II, Mold Design, Forming Foams. 
Professional Activities Groups Ses- 
sions: Thermosetting Molding, Stand- 


| ards for Reporting Properties, Metals 


for Plastics Molds, 


Automotive Industry. 


Plastics in the 


Friday, January 15 
New Materials—II, Industrial Design, 
Coloring, Radiation and Missiles, Rhe- 
ology. 


SPE Plastics Application 
Symposium 


A symposium on improving perform- 


ance and consumer acceptance of 
plastics in domestic refrigeration ap- 
pliances, presented by the 
the Plastics Industry, 


February 1 in Dallas, 


Society of 
held 


before 


will be 
Texas, 


| the American Society of Heating, Re- 


frigeration and Air-Conditioning Engi- 
neers at its National Conference in the 


Baker Hote! 


ESSEX ELECTRONICS 
orvtrieseton or 


550 Springfield Ave., Berkeley Heights, N. J. 
CRestview 3-9300 
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Plastics Society Elects Officers 
At the October 26th meeting of its 
National Council, the Society of Plas- 
tics Engineers elected its slate of Na- 
tional Officers for 1960. The officers 
will be installed during the Society’s 
Annual Technical Conference to be 


held the week of January 11, 1960, at 
the Conrad Hilton Hotel, Chicago. The 
officers are: national president, George 
W. Martin, Holyoke Plastics Co.; first 
vice Frank W. Reynolds, 
IBM second vice president, 
Haiman S. Nathan, Atlas Plastics, Inc.; 
secretary, James R. Lampman, General 
Electric Co.; treasurer, Joseph B. 
Schmitt, Koppers Co., Inc. 


president, 
Corp.; 


Automatic Control Technical 
Papers Invited 


The 1960 Joint Automatic Control Con- 
ference will be held at Massachusetts 
Institute of Technology under the spon- 
sorship of the ASME with participa- 
tion of the IRE, ATEE and ISA. Papers 
may be on any significant phase of 
automatic control. Suggested topics 
include sampled data, nonlinear con- 
trol, statistical control, 
actuators, and techniques for testing 
dynamic systems. 

Rough drafts of manuscripts will suf- 
fice for review and must be received 
by March 1, 1960. Final copy deadline 
is May 1. Papers may be submitted to 
Harvey A. Miller, JACC Program Com- 
mittee, Taylor Instrument Co., 95 Ames 


St., Rochester, N. Y. 


cybernetics, 


Microwave Papers Solicited 


Papers in the fields of microwave com- 
ponents, systems and physics are being 
solicited for presentation at the sym- 
posium by the IRE 
fessional Group on Microwave Theory 
and Techniques to be held May 9-11 
at the Hotel del Coronado, Coronado, 
Calif. One-hundred word abstracts in 
triplicate and 500-word summaries in 
triplicate should be submitttd before 
January 15 to David B. Medved, chair- 
man, Technical Program Committee, 
PGMTT Symposium, Convair, Div. of 
General Dynamics Corp., Mail Zone 
6-172, Box 1950, San Diego 12, Calif. 


sponsored Pro- 


Electromagnetic Relay 

Papers Sought 

The Eighth Annual Conference on Elec- 
tromagnetic Relays, sponsored by the 
National Association of Relay Manu- 
facturers, is to be held May 3, 4 and 5 
at the Oklahoma State University, Still- 
water, Okla. Feature of the conference 
is the presentation of papers on recent 
research and development. Thirty-three 
such papers were presented at the last 
conference. Papers for the Eighth Con- 
ference are being received now and 
should be forwarded to Prof. Charles 
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Arnold Pulse Transformer 
Cores ate individually tested 


under actual pulse conditions 


Here’s 
technical data on 


ARNOLD 
SILECTRON 
CORES 


Bulletin SC-107 A 

... this newly- 

reprinted 52-page 

bulletin contains 

design information on Arnold Tape Cores wound 
from Silectron (grain-oriented silicon steel). It 
includes data on cut C and E cores, and uncut 
toroids and rectangular shapes. Sizes range from 
a fraction of an ounce to more than a hundred 
pounds, in standard tape thicknesses of 1, 2, 4 
and 12 mils. 


Cores are listed in the order of their power- 
handling capacity, to permit easier selection to fit 
your requirements, and curves showing the effect 
of impregnation on core material properties are 
included. A valuable addition to your engineering 
files—write for your copy today. 


ADDRESS DEPT. 


JANUARY 1960 


EM-O1 


The inset photograph above illus- 
strates a special Arnold advantage: a 
10-megawatt pulse-testing installa- 
tion which enables us to test-prove 
pulse cores to an extent unequalled 
elsewhere in the industry. 

For example, Arnold 1 mil Silectron 
“C” cores—supplied with a guaran- 
teed minimum pulse permeability of 
300—are tested at 0.25 microseconds, 
1000 pulses per second, at a peak flux 
density of 2500 gausses. The 2 mil 
cores, with a guaranteed minimum 
pulse permeability of 600, receive 
standard tests at 2 microseconds, 400 
pulses per second, at a peak flux 


density of 10,000 gausses. 

The test equipment has a variable 
range which may enable us to make 
special tests duplicating the actual 
operating conditions of the trans- 
former. The pulser permits tests at 
.05, .25, 2.0 and 10.0 microsecond 
pulse duration, at repetition rates 
varying anywhere from 50 to 1000 
pulses per second. 

This is just another of Arnold's 
facilities for better service on mag- 
netic materials of all description. 
@ Let us supply your requirements. 
The Arnold Engineering Company, 
Main Office & Plant, Marengo, Ill. 


wARNOLD 


SPECIALISTS in MAGNETIC MATERIALS 


BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES 
Find them FAST in the YELLOW PAGES 
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add head 401) ee Mm lg 
Missile Testing and 
General Use 


SILICON 
POWER 
SUPPLIES 


available in 30 standard- 
ized and militarized models 
from 30 to 1500 amps... 
6 to 135 volts. CHRISTIE’S 
QUALITY CONTROL is 
approved by the A.E.C., 
leading aircraft and missile 
reeled ele 


Write For Bulletin AC-58-A 


CHRISTIE 
ELECTRIC CORP. 


er SECR Mavs ec) 
Los Angeles 43, Calif 
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Jan. 11-13 —Sixth National Sym 
posium on Reliability and Quality 
Control (program for, wives planned 
also), Statler-Hilton Hotel, Wash- 
ington, D.C, 


Jan. 12-15 


Technical Conference of the Socie- 


Sixteenth Annual 


ty of Plastics Engineers, Conrad 
Hilton Hotel, Chicago. 
Jan. 26-27——Third Annual Meeting 


of the Society of Vacuum Coaters, 
Hotel Biltmore, New York City. 


Feb. 1-4 Society of 
Heating and Air-Conditioning En- 
gineers, Annual Meeting, Baker 
Hotel, Dallas, Texas. 


American 


Feb. 1-4 Instrument Society of 
America, Instrument - Automation 
Conferences and Exhibits, Rice Ho- 
tel, Houston, Texas. 


Feb. 2-4—Society of the Plastics 
Industry, Reinforced Plastics Divi- 
sion, Fifteenth Conference, Edge- 
water Beach Hotel, Chicago. 

Feb. 3-5 IRE Professional Group 
on Military Electronics, Winter 
Meeting, Ambassador Hotel, Los 
Angeles. 

Feb. 10-12-—Solid State Circuits 
Conference (sponsored by AIEE, 
IRE, University of Pa.), University 
of Pennsylvania, Philadelphia. 


Feb. 25-26—Scintillation counter 
(sponsored by AEC, 


Sy mposium 


F. Cameron, National Association of 
Relay Manufacturers, P. O. Box 6, 
Stillwater, Okla., not later than March 
21, 1960. For additional information 
about the papers or conference, write 
to the above address. 


Military Electronics Convention 
\ 1960 Winter Convention on Military 
Electronics will be conducted on the 
West Coast for the first time by the 
Institute of Radio Engineers, February 
3-5, at the Ambassador Hotel, Los 
Angeles. Sponsor for the event is the 
Professional Group on Military Elec- 
tronics with the Los Angeles section 
acting as host. Plans are being formu- 
lated for both exhibits and technical 
sessions, as well as a schedule of spe- 
cial events, field trips and women’s 
activities. 

It is anticipated that papers on the 


. sponsored 


AIEE, IRE, NBS), Washington, 
D.C. 

March 21-24—IRE National Con- 
vention, New York Coliseum and 
Waldorf Astoria Hotel, New York 
City. 

March 24-25—First Annual Sym- 
posium on Human Factors in Elec- 
tronics (sponsored by the IRE Pro- 
fessional Group on Human Factors), 
Coliseum, New York City. 


April 4-7 Atomic Exposition, 
through the Nuclear 
Congress, Coliseum, New York City. 
April 11-12 Inter-Society Color 
Council Annual Meeting, Philadel- 
phia Museum College of Art, Phila- 
delphia. 

April 18-19-——Conference on Auto- 
matic Techniques, Cleveland-Shera- 
ton Hotel, Cleveland, Ohio. 

April 19-21-——Symposium on Active 
Networks and Feedback Systems 
(sponsored by the Dept. of Defense 
Research Agencies and IRE), Audi- 
torium of the Engineering Societies 
Bldg., New York City. 

April 20-22 Southwestern IRE 
Regional Conference and Electron- 
ics Show, Shamrock-Hilton Hotel, 
Houston, Texas. 

April 25-29 Annual Convention 
and Welding Exposition (sponsored 
by the American Welding Society), 
Biltmore Hotel and Great Western 
Exhibit Center, Los Angeles 


following typical fields of interest will 
be presented: Reconnaissance Systems, 
Guidance and Control, Space Naviga- 
tion, Ranging and Tracking, Military 
Implications of Space Age, Data Hand- 
ling, Inertial Systems, Simulation, In- 
strumentation, Fire Control and Fuzing, 
Satellite Electronics, Reliability (Sys- 
tems), Electronic Propulsion and Com- 
munication Systems. 


Human Factors Symposium 
Papers Solicited 


The IRE Professional Group on Human 
Factors in Electronics will hold its first 
Annual Symposium in New York City 
March 24-25, 1960. Those interested 
in presenting papers or suggesting sym- 
posia should correspond as soon as pos- 
sible with R. R. Riesz, chairman, Papers 
Procurement Committee, Bell Telephone 
Laboratories, Inc., Murray Hill, N. J. 
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TO THE ENGINEER 


who needs “for instances’ 


Take such a “for instance” as this: you want 
to step an indirectly driven rotary switch 
immediately on pulse closure. The schematic, 
Fig. 28, above, points out an easy way of 
doing it with a standard relay. 


Or suppose you’d like to stretch a pulse with a 
relay — or set up a sequential programming cir- 
cuit with stepping switches. You’ll find the most 
practical methods among the 41 schematics in 
AE’s new 32-page booklet on “Basic Circuits.” 
It comes complete with a handy template for 
drawing relays and switches on your own cir- 
cuits. And it’s all yours for the asking! 


In case you don’t find the solution to your 
switching problem in Basic Circuits, our 
engineers can find a solution for you. In fact, 
AE engineers can show you switching tricks 
that will cut corners on costs. Or, if you wish, 
they’ll assume the job of designing and build- 
ing to your specs, anything from a simple 
control package to an entire system. 


To get your copy of Basic Circuits and/or the 
answer to your specific control problem, just 
write J. E. James, Director, Control Equip- 
ment Sales, Automatic Electric, Northlake, Il. 
In Canada: Automatic Electric Sales (Can- 
ada) Ltd., 185 Bartley Dr., Toronto 16, Ont. 


, 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 
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Robert A. Franklin has been ap- 
BETTER BRUSHES... of 


pointed manager engineering of 
| Stromberg-Carlson of San Diego. In 


based ona com B lete analysis 1948 Mr. Franklin established the 
; ° Franklin Engineering Co. and operated 
of your motors requirements 


that business until 1951, when he be- 
came technical advisor to the Air Force 
Special Weapons Center at Albuquer- 


Stackpole Custom Brush Engineerin Ives as , 
P 8 — o que, N. M. He was regional manager of 


many brush problems by detailed attention to such 


Radiation Inc., Albuquerque, from 
mechanical factors as shunts, springs, terminals or July 1958 until his appointment at 
caps, tolerances, corner bevels and heads as it does Stromberg-Carlson. 


by recommending suitable brush grades. More to 
the point, modern brush selection for motors of all 
sizes is based on a combination of the two—and 


Wolfgang G. Pfeiffer has been ap- 
pointed a senior research engineer at 
The National Cash Register Company 


Stackpole supplies this combination in full measure. Electronics Division, Hawthorne, Calif. 
° fej > i »- ePnocace i Se; . 
Most of our recommendations are based on exten- Mr. Pfeiffer will be engaged in research 


on parametrons and associated excita- 


sive tests of the actual motorized equipment in the ins atm 
’ Ss ces, 


Stackpole laboratories. Specific motor operating con- 
ditions and specified performance objectives are fully Hollice A. Favors and Thomas C. 
considered. Variables taken into account include 
rpm., service load, desired brush life, permissible 
commutator wear, acceptable noise levels, contam- 
inating atmospheric influences, temperature rise and 
others. Brush grade and brush mechanical factor 
recommendations are then made accordingly. 

This service costs nothing extra and goes far toward 
assuring maximum dependability for your motors. 


Culver have joined the engineering staff 
of Filtron Company, Inc., Culver City, 
Calif. Mr. Favors was formerly project 
engineer with Bendix Pacific and 
senior engineer with Hoffman Labora- 
tories. Mr. Culver formerly headed his 
own business in Oceanside, Calif. Both 
men will be assigned to R & D for 
special work on military contracts in 
the suppression and control of electro- 
magnetic interference. 


Stackpole brushes are sold only as original equip- 
ment—not as replacements. 


Frederic E. Fuller has joined Electro- 


conl S — - Pasadena. Cali 
STACKPOLE CARBON COMPANY, St. Marys, Po. | Optical Systems, Inc., Pa ade na, Calif.. 
as a member of the senior technical 





staff, assigne the Energy Research 
BRUSHES + CONTACTS +* VOLTAGE REGULATOR DISCS +» CATHODIC PRO ae a a . i. +. 
TECTION ANODES « SEAL RINGS + CLUTCH RINGS + FRICTION SEGMENTS | Vivision. In t us capacity 5 . re 
CHEMICAL ANODES + POROUS CARBON and dozens of other related products. concerned with research and develop- 


ment in energy conversion and ad- 


vanced power systems. Robert E. Talmo 
C) has joined the senior technical staff as 
head of the newly formed Transducer 


& Laboratory of the company’s Solid 
‘ Custom-Engineered | State Division. In addition to work in 


iS energy research, Electro-Optical Sys- 

> BRUSHES oss 
< and development of ion propulsion 
motors, multifunctional solid-state cir- 





for all rotating electrical equipment 
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woven. 
fibre tape 
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Varmat is the newest addition to the famous Vartex line of 
quality tapes . . . designed especially for use where 

exceptional resistance to moisture is essential. A low power 
factor tape, Varmat also offers you high heat resistance and high 
dielectric strength. It can be slit to any width and is ideal for 
wrapping. Typical applications include coil windings and cable 
splicing. Varmat is supplied coated with black or yellow varnish 

or other moisture- and high heat-resistant coatings. 


DISTRIBUTORS 


Earl B. Beach Co., Pittsburgh, Pa. 


\ ao * e 
Phila. (Clifton Heights) Pa. e Jerse Woo n S in om an 
Brooks Electrical Supply Co., Inc., Baltimore, Md. Ww i j 


John H. Cole Company, Oklahoma City, Okla. 


Electrical Insulation Sales Co., Rutherford, N. J., MANUFACTURERS OF FLEXIBLE ELECTRICAL INSULATION 

Electrical Insulation Suppliers, Inc., Atlanta, Ga. 

Electric Motor Supply Company, Denver, Colo. WOODBRIDGE, N J 

Hanna & Ferguson, Rochester, N. Y. " " 

Hippler Sales C , Webster G » Mo. 

tii. Varnished Cambrie Cloth and Topes “VARSLOT” Combination let Insulation: — 
Chicago, III. Cleveland, O. Varnished “Fiberglas"’? Cloth and Tapes Rag Paper and Vartex Varnished Cambric 
te A o. Milwaukee, Wis. Varnished Silk and Silk Substitute Fish Paper and Vartex Varnished Cambric 

etroit, Mich. Pittsburgh, Pa. ee "9 

J. F. Kerrigan & Co., Hamden, Conn. Synthetic Resinous Tapes and Extruded Tubing Rag Paper and ‘Mylar’’* Polyester Film 

C. D. LaMoree, Los Angeles & Berkeley, Calif. Cable Wrapping Tapes Asbestos Paper and ‘Mylar’’* Polyester Film 

Ce. nig faclend "thie Seattle, Wash Polyethylene, Sheets, Tapes and Extruded Tubing Kraft Paper and “Mylar'’* Polyester Film 

iP. Seales, Rochester, N.Y. : ; “VARSIL" Silicone Varnished “Fiberglas"t Vartex Varnished “Fibergias”? and 

Summers Electric Co., Inc., Dallas, Houston, Cloth and Tapes “Mylar’’* Polyester Film 


San Antonio, Austin, Texas 
White Supply Company, St. Louis, Mo. 


Export Agent: Lionel-Essex International Corp., New York, N. Y * Mylar, Du Pont’s registered trademark tFiberglas, Owens-Corning Fiberglas registered trademark 


Special combinations available upon request 
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Comar saves you time and money on 


Wealsodo our 
own plating 
and painting. 
Diagrams, 
etc., imprinted 


onenclosures. 


PRECISION ENGINEERED 


(IN OUR OWN PLANT 


>» operate our own hermetic 
sealing division, equipped with 
the newest sealing and testing 
devices, staffed by experts 


skilled in this special field. 


omplete facilities and know-how to produce 
dependable sealed relays for every requirement. 
Our engineers will custom-design a relay 
to meet your needs, or work from your own 
specifications. Save time and money... get your 
sealed relays from Comar. Prompt attention 
given to all inquiries. No obligation. 
Comar Electric Co., 3349 Addison St., Chicago 18, III. 


RELAYS 
SOLENOIDS 
coILsS 
SWITCHES 
HERMETIC SEALING 


a a 
<p i 
r I 
ee 
-< , 


v 


SEND FOR DETAILS AND CATALOG 
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cuitry, advanced electronic and pulsed 
guidance and control systems. 


\ppointment of A. Joseph Sechler, !r., 
as manager of its Product Engineering 
Department has been announced by 
Control, Division of Magnetics, Inc., 
Butler, Pa. Mr. Sechler joined Mag- 
netics in 1957 after nine years’ experi- 
ence with Sylvania Electric Products 
Inc.. where he was a senior engineer 
and group leader in the magnetic de- 


vices group. 


Joseph Wylen has been named man- 
ager of equipment development at 
Auerbach Electronics Corp., Narberth, 
Pa. In this capacity he will be in 
charge of the design and development of 
a variety of electronic data processing 
and control equipment. A current proj- 
ect for which he is responsible is the 
development of a programmed control 
system for an automatic punch press. 


Morris Plotkin has been named chief 
of analysis at Auerbach Electronics 
Corp. In his new capacity Mr. Plotkin 
supervises and directs the analysis of 
systems through the application of 
mathematics and physics. Mr. Plotkin 
is known for his work in mathematical 
and system analysis and system design. 
Before joining Auerbach Electronics 
he was associated with the Naval Air 
Development Center at Johnsville, Pa. 


. . 
Ralph A. DeRose has'been appointed 


mechanical design engineering manager 
and Frank S. Kasper named principal 
engineer at the Electronic Product Plant 
of Kellogg Switchboard and Supply 
Co., communications division of Inter- 
national Telephone and Telegraph Corp. 
Mr. DeRose will be in charge of elec- 
tronic packaging design and mechanical 
design concepts, while Mr. Kasper will 
be responsible for promoting advanced 
developments in electronic circuit de- 
sign. 


Harold R. Walker has been appointed 
to the post of chief engineer of the 
Special Products Division of Blonder- 
longue Laboratories, Inc. Previously a 
United States Naval Officer for 16 
years, Mr. Walker held various tech- 
nical positions. Among these were: staff 
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INDOX V opens NEW 
design avenues in permanent 
magnet applications 


Use < Indiana Steel’s INpox V by design engineers continues to 
grow by leaps and bounds. So much so that the company has just 
completed a new plant solely for the production of this remarkable 
ceramic magnet material. Designers find it the answer where other 
materials didn’t measure up. Today it’s in big volume demand by 


major users of permanent magnets. 


Here’s a summary of basic data on INDox V. Investigate this 
material. It has helped others outstrip competition — both in prod- 
uct design and cost reduction. It could do the same for you. What- 
ever you're working on, keep this information close at hand — or 
write for the complete story on INpox V, and ask about design help 
on any project that involves permanent magnets. 


Permeance coefficient, P 


Energy prod. |, B,H,x 


>ww 
o 


om = we 
wot 


1 1 1 | | 
2000 1750 1500 1250 
Demagnetizing force H, oersteds 


Demagnetization and energy product curves for oriented ceramic magnet material, index V 


What Is Indox V? 
Inpox V is a highly oriented bari- 
um ferrite permanent magnet mate- 
rial—the first to be produced in this 
country on a commercial scale. Like 
other ceramics, it is a non-conductor, 
hard, brittle and lightweight—much 
lighter than metallic alloy magnets. 
It has an energy product 314 times 
that of non-oriented ceramic mag- 
nets. 

Typical Characteristics of 
Indox V 
Coercive Force (H.), oersteds 2,000 
Residual Induction (B,), gauss 3,840 
Peak Energy Product (BgHg) 3.5x10¢ 
Reversible Permeability 1.05 
Temperature Coefficient 
of Reversible Flux Change 0.19% /"¢. 
Magnetization Field for 
Saturation, oersteds 10,000 
Ba Fe;2 Oi9 
5.0 or 
.181 Ib/cu in 
Inpox V is made of readily avail- 
able, non-critical materials — an im- 
portant design consideration for 
long-range production plans. In the 
precisely controlled manufacturing 
process, magnet shapes are die- 
formed from powdered material un- 
der high pressure, then sintered in a 
special high-temperature furnace. 
Standard shapes of INDox V mag- 


Chemical Composition 


Specific Gravity 
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nets available from stock include 
wafers, rings and cylinders in most 
practical sizes. Special shapes and 
sizes can be produced for unusual 
applications. 


Special Properties 


The unique characteristics of Inpox 
V often have indicated its use in 
areas of design where the applica- 
tion of permanent magnets formerly 
was considered impossible. 


High resistance to demagnetization. 
The high coercive force of INpox V 
permits much shorter magnet lengths 
than is possible with other materials, 
but larger magnet area is necessary 
because of lower flux density. 


High resistivity. As a non-conductor, 
INpox V can be used where other 
materials would create unwanted 
current paths. In the presence of 
high-frequency alternating fields, 


INDIANA STEEL PRODUCTS 


Division of 
Indiana General Corporation 


VALPARAISO, INDIANA 


eddy current losses and associated 
heating effects are extremely low. 


Low incremental permeability. The 
change in flux that results from a 
change in demagnetizing influence is 
lower in INpox V than in any other 
magnetic material. Thus, INpox V 
maintains a more constant field in 
the presence of external fields be- 
cause variations in its flux are small. 


High energy per unit volume. On an 
equivalent weight basis, the energy 
product of INpox V is comparable 
to that of Alnico V — the strongest 
permanent magnet material avail- 
able — and 3% times that of non- 
oriented ceramic magnets. Optimum 
area is 514 times the area of an equal 
Alnico V magnet, about half the area 
of a non-oriented ceramic. Optimum 
length is 28 percent that of Alnico V. 
Since Inpox V requires less mag- 
netic material and less space, the 
cost per unit of usable energy is 
extremely low. 


Resistance to radiation environ- 
ments. Recent comprehensive stud- 
ies of the effects of nuclear radiation 
on permanent magnet materials in- 
dicate that INpox V meets or ex- 
ceeds environmental requirements 
for equipment likely to be used in 
nuclear-powered aircraft and ballis- 
tic missiles. 


APPLICATIONS 


Loudspeakers 
lon pumps 


Door closers: 
refrigerators 
Conveyors and 
automation 
Magnetic switches 
Magnetic chucks 


Synchronous drives: 
Motors 

DC fields 

AC rotors 
Generators 


Electro- 
Mechanical 


Temperature 
control 

Magnetic 
separation 


Miscellaneous 


INpox V has proved successful on 
the above applications. If you want 
to know more about this outstand- 
ing material in relation to your 
product write. B-1. 


INDIANA 
ao 
WNC Laps 


IN CANADA: The Indiana Steel Products Company of Canada Limited, Kitchener, Ontario 
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“MADE BY ENGINEERS FOR ENGINEERS” 


to 
YOUR 


specifications 


FOR 40 YEARS we've built Blue Chip 
cord sets, tailored to the particular 
needs of America's top electrical manu- 
facturers. Let CORNISH Rugged Indi- 
viduals enhance the performance of 
your equipment and the prestige of your 
name .. . despite heat or cold, shock 
or vibration, ozone or chemical hazards 

. in rubber, neoprene or plastic . . . 
in decor colors if specified. 


CONSULT US WITHOUT OBLIGATION 


1 «i 


‘CORNISH WIRE CO.,, wc. 


ADEQUATE 50 Church Street New York 7, N.Y. 
WIRING BUREAU 
Program 


Support your local 


REPRESENTATIVES nn 
BRIDGEPORT CHARLOTTE @ CHICAGO @ CINCINNATI 
@ DALLAS DENVER << @ DETROIT @ KANSAS’ CITY 
@ MINNEAPOLIS @ PHILADELPHIA PITTSBURGH 
@ ST.LOUIS @ SAN FRANCISCO § @ SEATTLE @ WILLIAMSTOWN 
a : ° Stock carried 


Producers of Quality Wire Products for Home, Farm and Industry 
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electronics officer to chief of Naval Air 
Technical Training, commanding of- 
ficer at the Naval Aviation Electronics 
Service Unit, and head of the Infra- 
Red Section, Control and Guidance Di- 
vision o1 the Naval Air Development 
Center. As head of the Infra-Red Sec- 
tion, he invented a new missile test set 
for the Bull Pup and Sparrow 1 missiles 
and conducted basic research resulting 
in over forty patent disclosures. 


Promotion of R. W. Fritts to Man- 
ager, Thermoelectric Project, has been 
announced by Minnesota Mining and 
Manufacturing Co. The position in- 
cludes responsibility for all phases of 
3M’s_ thermoelectric activities. Dr. 
Fritts came to 3M in 1957 as head of 
a research team from Baso, Inc., Mil- 
waukee, Wis., engaged in development 
of new semiconductor materials and 
device technology involving both ther- 
moelectric generation and thermoelec- 
tric heat pumping. 


Walter E. Stubbings has assumed the 
position of chief development engineer 
at Methode Manufacturing Corp., Chi- 
cago. He will direct the company’s de- 
velopment program in sealed environ- 
mental connectors and_film-insulated 
wiring harness. 


Computer Systems, Inc., New York 
City, manufacturers of analog com- 
puters and accessories, have named 
Charles B. Husick vice president of 
engineering and systems development. 
Prior to his three years’ association 
with Computer Systems, Mr. Husick 
served as applications engineer with 
the Data Reduction and Automation 
Division of Fischer and Porter Co. 


Robert M. Gitlin, ELectRICAL MANUu- 
FACTURING author, has been appointed 
manager of engineering for the East 
Coast plant of Fairchild Controls Cor- 
poration’s Components Division. In his 
new post Mr. Gitlin will be responsible 
for Production Engineering as well as 
Research and Development of new 
products. Prior to coming to Fairchild 
he had been with Kollsman Instrument 
as head of the Air Data Systems Sec- 
tion and with Servomechanisms as chief 
mechanical project engineer. He has 
published numerous papers and articles 
on instrument accuracy and tempera- 
ture compensation. 


Appointment of Sidney Weiser as 
director of engineering for USI Robo- 
dyne, Silver Spring, Md., has been an- 
nounced. Mr. Weiser has been chief 
engineer at Robodyne and was formerly 
director of research for Federal Manu- 
facturing and Engineering Co. USI 
Robodyne, division of U. S. Industries, 
Inc., is engaged in the designing and 
manufacture of industrial and_ postal 
automation equipment. 
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THIS NEW 
QUILL-TYPE 


AJUSTO-SPEDE 
DRIVE 


Plus 


THIS NEW 
K-2 CONTROL 
. 7 . ) . Red tint indicates 
PUSH-BUTTON “Se 


STATION Give You Controlled Adjustable Speed 
S from an AC Power Source 


in a Compact, Low Cost 3-Unit Drive Package 


ee by a 


NAMAT| 


PIONEER IN EDDY-CURRENT EQUIPMENT 


Three compact components, the Ajusto-Spede Drive, the K-2 Control, and 
the push-button station make up this complete drive package which provides 
controlled adjustable speeds for any application from 2 HP through 7/2 
HP at 1800 RPM, 


Remote wall mounting of the control panel conserves space on the 
driven machine; the push-button station places vital controls at 
the operator’s finger tips. 


Standard control features include on-off clutch control, infinite 
speed adjustment, constant speed regulation, and jogging. Any of 
a variety of special features may be easily and economically added 
to the standard control by the installation of a single resin- 
encapsulated circuit. 


Send for complete information covering design and operation of 
the new models ACM-903 and 904 Ajusto-Spede Drives. Read how 
the new K-2 Control provides infinite speed adjustment, on-off 
clutch control, constant speed control, jogging, threading, cascad- 
ing, and acceleration control. 


Our New Bulletin K-2-159 is Now Available. 


©, 
DYNAMATIC DIVISION ——— 
MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE » KENOSHA, WISCONSIN 
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When used with Polaroid Land film 

materials you can have print-a-minute 

permanent records of your scope traces, or 

in two minutes — transparent records 

for immediate projection or reproduction. 

The Type 302, with its sliding detent back, 

permits multiple, separated exposures 

per frame for comparison studies or 

measurement. Provisions for 

identifying each frame are 

included — enabling life-long 

identification for engineering FEATURES 
records. An interchangeable “Print-a-minute permanent records 


back is available for regular or = ; ; 
. . Multiple or single exposures per frame 
film emulsions. Viewing while recording without 


3350 danger of fog 
Price: £/2.8 Choice of lens 
$ 00 Self-supporting structure 
$95 £/1.9 Interchangeable back for regular 
film materials 


Write for complete technical details Instrument Sales Department 


precision electronics is our business 


ELECTRONIC TUBES/INDUSTRIAL TV/MILITARY ELECTRONICS/MOBILE 
COMMUNICATIONS/SCIENTIFIC INSTRUMENTS/AUTOMOTIVE TEST EQUIPMENT 


ALLEN B. DU MONT LABORATORIES, INC., CLIFTON, N. J., U.S. A. 


INTERNATIONAL DIVISION » 515 MADISON AVENUE, NEW YORK 22, N.Y. + CABLES: ALBEEDU, NEW YORK 
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Company Briefs 


Shareholders of The Indiana Steel 
Products Co. of Valparaiso, Ind., and 
General Ceramics Corp. of Keasbey. 
N. J.. have approved merger of General 
Ceramics into Indiana Steel Products. 
They also approved a change in the 
corporate name from The Indiana Steel 
Products Co. to Indiana General Corp. 


\ centralization of research activities at 
Newark, Del., for the plants and prod- 
ucts of Continental-Diamond Fibre Corp. 
has been completed. Research and de- 
velopment activities will be concen- 
trated in laminated plastics, vulcanized 
fiber, built-up mica, flexible electrical 
insulation and ultra-high-temperature- 
resistant plastics for missile and rocket 
applications. 


Howell Electric Motors Co., Howell. 
Mich., has acquired Leland Electric Co., 
a former division of American Machine 
& Foundry. Leland is a manufacturer of 
electric motors, including explosion- 
proot types, and generators. Leland 
manufacturing operations will continue 
at the Dayton, Ohio plant. 


Giannini Controls Corp., Pasadena. 
Calif., has acquired the assets and busi- 
ness of Luther Manufacturing Co., 
North Hollywood. The Luther product 
line is special magnetic components 
used in guided missiles, satellites and 
jet aircraft. The newly-acquired com- 
pany will be operated as the Luther 
Division of Giannini. 


Librascope, Inc., Glendale, Calif., a 
subsidiary of General Precision Equip- 
ment Corp. of New York, and developer 
of computers, components and controls, 
has established an Applied Research 
Department which will investigate new 
concepts in electronic fields such as 
solid-state physics. 


Microdot Inc., South Pasadena, Calif., 
manufacturers of miniature coaxial con- 
nectors and cables, has purchased the 
Los Angeles branch of the Specialty 
Transformer Division of the Westing- 
house Corp. This represents Microdot’s 
first venture into transformers. 


Construction of a building to house 
six new laboratory units has been an- 
nounced by Spaulding Fibre Co., Inc., 
Tonawanda, N. Y. The building will 
provide expanded facilities for research 
and development with emphasis on ad- 
vancements in plastic laminates and 
vulcanized fiber. 
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NEW McGILL 1901 SERIES 
30 AMP. MOMENTARY 
CONTACT SWITCHES 


ELECTRICAL RATING 

30A, 125 or 250 V AC (non-inductiye) 

25A, 125 or 250 V AC (inductive) 

1 HP, 125 V AC 

2 HP, 250 V AC 

2A, 125 V DC 

YA, 250 V DC 

Already specified for major appliances, outboard 
motors and other applications where durability and 
higher ratings for switch size can simplify, assembly 
and eliminate auxiliary components. 


MSGILL: QUALITY 


ADDS DEPENDABILITY AT LOWER COST 


This new switch reflects the quality built into McGill 
LEVOLIER switches and electrical specialties for over 
fifty years. Sound design, selected materials and pre- 
cise manufacturing methods provide guaranteed per- 
formance at lower initial and operating costs. Depend 
on McGill switches to help build quality, reliability 
and long, maintenance free life into your product, All 
exceed Underwriters’ requirements. 


1901 SERIES SWITCHES 


Simplified switching action: utilizes two precision 
wound stainless steel springs — one controls the actua- 
tion and the other maintains constant eres 3 ane 
uted pressure on the contacts. Bouncin 


Solid copper bridges and contacts are oe ey vik ad lite silver ‘poe hs 
ACTUAL SIZE cadmium oxide. Standard as SPST NO or NC, SPDT > © 

and SPST 2 ckt. with six types of actuators. Also 15 aay 

amp. models, ee 


“evotier” TOGGLE SWITCHES 
Enclosed in impact resistant molded phenolic, all 
basic LEVOLIER toggle switches are dust and 
vibration proof. Available as standard in 6 amp. to 
15 amp. models with added DC and HP ratings. 
Single, 2 circuit and 3 way. Choice of wire leads, 
screw terminals, soldering lugs or spade terminals 
on most models. 


SPECIAL SWITCHES TO MEET YOUR SPECIFIC NEEDS 


In addition to the standard stock McGILL line of switches, special switches 
have been designed for many well known appliance, electrical and elec- 
tronic equipment manufacturers. If you have a special switch require- 
ment, ask McGILL Electrical Division Engineering to review the problem 
with you and apply their specialized experience to recommend the proper 
standard or specially designed switch for the job. 

For complete information on the entire McGILL ELECTRICAL SPECIAL- 
TIES line, write for free catalog #84. 


engineered electrical products §=—» vw 


SGILe 


precision needle roller bearings 


’ 


McGILL MANUFACTURING COMPANY, INC., ELECTRICAL DIV., 700 N. CAMPBELL ST., VALPARAISO, INDIANA 
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CAN DELIVER 


Molded 
Inserts 


Combining Plastics & Metals 
with Efficient Performance 
Properties 


For Electrical and 
Mechanical 
Applications . . . 


X 
Courtesy of Curtis 
Development & 
Manufacturing Co. 


Inserts securely and accurately located 
for dependable ready-to-assemble 
components 


SEND YOUR PRINTS 
FOR QUOTATION 


AND MANUFACTURING COMPANY 


FLASTICS 


CUSTOM-ENGINEERED 


123 ROTARY DRIVE 
GURNEE, ILLINOIS 
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Book Reviews 


Digest of Literature on Dielec- 
trics. Vol. 22, National Academy of 
Sciences—National Research Council. 
Printing and Publishing Office, 2101 
Constitution Ave.. N. W., Washing- 


ton 25, D. C. 293 pages. price $5.00. 


This volume was prepared by the Com- 
mittee on Digest of Literature of the 
Conference on Electrical Insulation Di- 
vision of Industrial 


Research and covers material dealing 


Engineering and 


with the fundamental and applied as- 
pects of dielectrics and _ dielectric 
phenomena published in United States 
and foreign literature during the cal- 
1958. bibliog- 
raphies are provided. The contents are: 
Instrumentation and 


endar year Extensive 
Measurements 
Table of Dielectric Con- 
Dielec- 


pages) ; 


(26 pages) ; 
Dipole Movements and 
Times (28 
lonic 


stants 
tric Relaxation 
Molecular and 
Dielectrics (16 
Phenomena in 


Interactions in 
pages): Conduction 
Solid Dielectrics (23 
Breakdown of Dielectrics (20 
Ferroelectric and Piezoelectric 
Materials (26 pages): Ferromagnetic 
Materials (58 Rubber and 
Plastic Insulation (29 pages) ; Insulat- 
ing Films (12 pages): Insulating 
Their Applications (8 
pages) , Ceramic Insulation (6 pages) ; 
Applications (21 


pages) ; 


pages); 


pages) ; 


Liquids and 


and _ Engineering 


pages). 


Mathematics Dictionary. Edited 
by Glenn James and Robert C. James, 
D. Van Nostrand Company, Inc., New 
York, N. Y. 546 pages. Published 
1949, revised 1959. Price $15.00. 


reference work for 
engineers 


This time-saving 
scientists and contains a 
broad coverage of terms, from quite 

arithmetic through 
Basic differential 
geometry, theory of functions of real 


elementary terms 


calculus. terms in 
and complex variables, theory of groups 
and matrices, theory of summability, 
point-set topology, integral equations, 
calculus of analytic me- 
chanics, theory of potential, and statis- 


variations, 


tics are given. The basic terminology 
from fields of timely interest to the 
engineer (i. e., modern algebra, theory 
of numbers, vector spaces, theory of 
games, linear and dynamic program- 
ming, numerical analysis, computers, 
etc.) has been included. The explana- 
tion of theorems (for example, Fourier’s 
theorem) is clear and 
should prove most helpful to the en- 
gineer who has lately found himself 
confronted with some of the old 


theorems he remembers only vaguely 


concise and 


feature by feature... 


Ratkccgs} SY eh 
aa NY SEL 


FX 
INDUSTRY’S 
MOST EFFICIENT 
VARIABLE SPEED 
PULLEY 


1 Both sides of the driving disk open 
simultaneously and equally to give 
constant belt alignment. 


2 Power is transmitted through sides 
of the belt to a grooved sheave to 
insure maximum efficiency and pre- 
vent slippage. 


Each side of the driving disk is in- 
dependently actuated by its own 
spring, eliminating rachets, cogs, 
gears or other moving parts 
subject to constant maintenance 
and wear. 


Oilite bronze bushings on frac- 
tional hp. units provide life-time 
lubrication. 


Curved pulley faces maintain full 
contact with belt sides at all times, 
greatly increasing overall efficiency. 


Pulleys are available in a complete 
range of sizes, fractional to 15 hp.— 
full 3 to 1 ratio. Immediate 

delivery from stock. 


Request recommendations 

for your application. Ask 

for Catalog P-58. 
FIRST NAME 
IN VARIABLE 


SPEED 
PULLEYS 


4802 West Lake Street, Chicago 44, Illinois 
Telephone: EStebrook 9-3010 
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Cannon has prepared a 
new engineering catalog 
containing valuable in- 
formation about dc sole- 
noids. Theory, principles 
cf operation, and advan- 
tages of dc solenoids are 
presented simply and 
authoritatively. Write for 
your free copy to: 


LET CANNON 


HELP YOU 
WITH YOUR 
DC SOLENOID PROBLEMS 


Cannon is one of America's largest producers of de solenoids...a pioneer in 
engineering a wide range of special types, including hermetically sealed and 
high-temperature models. Multiple-strip solenoids for keyboard operation— 
locking types requiring mo holding 

current—and miniature and sub- 

miniatures as small as 1/2 inch in 

diameter are now in standard pro- 

duction. If you have a problem 

involving de solenoids, Cannon 

offers a complete selection. ..for 

any application. 


CANNON ELECTRIC CO. 3208 HUMBOLDT STREET, LOS ANGELES 31, CALIFORNIA # PLEASE REFER TO DEPT. 500 
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“BUILDING 
BLOCKS” 


..» for automatic riveting 


The narrow wedge shape of Milford’s new 
air-actuated riveters permits unusually close 
riveting. Both models can be combined with 
sliding-fixtures, indexing tables or similar 
attachments to give greatest flexibility of 
assembly. Air-operated toggle action assures 
fast and safe action. Model 56 handles tubu- 
lar rivets from 4%” diameter x 5%” length; 


Model 57 from 3/16” diameter x 3/4” length. 


Group these new “Building Blocks” to suit 
your own production needs. Use them singly, 
in pairs, in threes, fours or even fives. Multi- 
ple riveting is the newest answer to reducing 
production costs. 


For more new ideas, tips and technical 
data on tubular rivets and rivet-setting ma- 
chines, ask your Milford Representative for a 
look at Milford’s new MANUAL OF MODERN 
RIVETING PRACTICE. 


MILFORD 


Sa 
ap el a 
re, See ‘ 


pit 


Milford’s Models 
56 and 57 offer 
unlimited 
flexibility in 
automatic assembly 


MILFORD RIVET 
& MACHINE Co. 


MILFORD, CONNECTICUT @ HATBORO, PENNSYLVANIA 
ELYRIA, OHIO @ AURORA, ILLINOIS @ NORWALK, CALIF. 
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from his schooldays. or those new ones 
of which he has not yet heard. 

(Appendices containing conversion 
tables are well-arranged and = quite 
useable. A section of mathematical sym- 
bols, including symbols for mathemat- 
ical logic and set theory, is most useful 
and, considering the overall size of this 
book, quite comprehensive. 

One of the unique features of this 
book is what the editors call the 
“multi-lingual index” in French-Eng- 
lish, German-English, Russian-English, 
and Spanish-English, which is actually 
a series of four bi-lingual indices, with 
the purpose of helping the reader find 
the English translation of a foreign 
term quickly. This purpose is served 
adequately. However, this reviewer 
would like to suggest that the editors 
consider a tabulation of terminology in 
such a way that not only are the trans- 
lations of the same term given simul- 
taneously rather than successively in 
several languages, but also the di- 
versified terminology for the same thing 
or idea in our own language. We are 
aware that such a tabulation, while it 
would be most valuable, would un- 
doubtedly require a multi-volume edi- 
tion of this work. This would also be 
necessary if the authors were to in- 
clude many of the terms that we miss 
in this edition. We can only hope that 
the next revision of this book will do 
just that—namely, expand the excellent 
work that has been done. A.M.H. 


Electrical Contacts, 1958 Sup- 
plement, Bibliography and Ab- 
stracts, STP 56 M, American So- 
ciety for Testing Materials, 1916 
Race St., Philadelphia 3, Pa. 44 
pages, paper cover, 6 x 9 in., price 
$2.50. 

There are 182 abstracts in this sup 
plement, which brings the total numbex 
of references to over 2500 in the seven 
volumes which span the period 1835 
through 1958. The references in this 
volume are arranged by subject, while 
an author index is provided as well. 
Among the topics included are: fab- 
ricated contact materials, powdered- 
metals contact materials, circuit-breaker 
design, circuit-breaker testing, con- 
tactor or relay design, fixed contacts, 
slip rings, commutation, electric-are 
theory and contact wear. 


Electrical Engineering for Pro- 
fessional Engineers’ Examina- 
tions, John D. Constance. McGraw- 
Hill Book Co., 327 W. 41 St.. New 
York 36, 456 pages, price $9.50. 

This volume offers candidates for a 
Professional Engineer’s license the in- 
formation needed for the electrical en- 
gineering examination. The book pro- 
vides a review of theory and applica- 
tions and typical examination questions 
with answers. 
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This may be the SPECIAL INSULATION you're looking for! 


REFRASIL PHYSICAL PROPERTIES: If you’re looking for an efficient, lightweight 2000°-3000°F. insulating 
e Chemical resistance of pure silica 


material in any of the physical forms shown above, REFRASIL may be 
e Resists temperatures up to 3000° F. under P 
certain conditions your best answer. , 
o Low Thermal conductivity Long proven for jet aircraft and missile use, REFRASIL is fast becom- 
e Fiber diameter .00020-.00040 in. . : y et : fe - 
« Specific heat .19 (Batt) ing an important industrial insulation for —300°F. cold to +3000°F. heat. 
e Thickness .14-.15 in. (Batt) When other insulation materials fail in critical high temperature use, 
Surf. d ity .05 Ib. . ft. (Batt ‘ . neat : rr 
ee ote , write or call for test samples of REFRASIL. It may be the special insula- 
REFRASIL USES: tion you're looking for! a 
e« 2000° F. continuous high temp. insulation ; 
« Filtration of corrosive materials P samen | 
« Removable, insulating blankets @ Write for REFRASIL Product Bulletin and Price List. | === 
» REFRASIL Reinforced Plastics 


(ASTROLITE for up to 15,000° for short ' 
duration) 


e Thermocouple wire insulation 
Electric muffle furnaces 
@Laboratory heating mantles 


1733 Cordova Street, Los Angeles 7, Calif. + REpublic 3-9161 


WRITE OR CALL YOUR NEAREST HITCO REPRESENTATIVE: EASTERN: Tom Kimberly, 38 Crescent Circle, Cheshire, Conn., BR. 2-6544; Fred W. Muhlenteld, 6659 Loch Hill Rd., Baltimore 12, 
Md., VA. 5-3135 * MIDWEST: Burnie Weddle, 3219 W. 29th St., Indianapolis 22, Ind., WA. 5-8685 * SOUTHWEST: Marshal! Morris, 2850A W. Berry, Rm. 7, Fort Worth, Tex., WA. 4-8679 


NORTHWEST: J. L. Larsen, 5757 Oaklawn Pl., Seattle, Wash., PA. 5-9311 * CANADIAN PLANT: THE H./. THOMPSON CO. OF CANADA LTD., 60 Johnston St., Guelph, Ont., TA. 2-6630 
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Engineering 
Standards 


ASA Standards 


The 1959 edition of the National Elec- 
trical Code has been approved as Amer- | 
ican Standard Cl-1959 by the Americ | 
can Standards Association. It is being | 
published by the National Fire Pro- | 
tection Association and by the Na- 
. tional Board of Fire Underwriters. | 

The code sets up minimum require- 
ments necessary for safety in the use | 
‘ of electricity for light, heat, newer, | 
radio signals, etc., primarily in build- 
ings. Copies are available at $1.00 each. | 

C83.16-1959, American Standard | 
Definitions and Terminology for Relays, | 
$1.00. 

This standard was approved by the 
ASA this year and is now being pub- 
lished. One of the main reference books | 
used by the committee was “Definitions | 
of Relay Terms,” published by the As- | 
sociation of Relay Manufacturers in 
1955. 

American Standards Association, 
Dept. PR 100, 70 E. 45 St, New 
York City 17. 


| 


UL Standards 


UL-57, Standard for Electric Light- 
ing Fixtures, 1959 edition. This is the 
ninth edition and supersedes the edition 
of February 1957. 

Copies are available from 
writers’ Laboratories Inc., 161 


Ave., New York 13, N. Y. 


NEMA Standards 


AB 1-1959, Molded Case Circuit 
Breakers, 30¢. These standards cover 
air circuit breakers, single-pole and 
multipole, assembled in an_ integral 
unit in a supported and enclosed hous- 
ing of insulating materials, for current 
ratings up to and including 800 amp 
in frames not exceeding that rating, 
for nominal voltages to 600 a-c, 250 d-c 
and with interrupting current ratings 
of more than 1000 amp. 

FU 1-1959, Low-Voltage Cartridge 
Fuses, 70¢. This standard contains in- 
formation on the rating, performance, 
characteristics and manufacturing of 
Class H, J, L and M low-voltage cart- 
ridge fuses rated at 600 volts or less, 
a-c and/or d-c. 

HE-1959, Electric House Heating 
Equipment, 30¢. This publication covers 
definitions, ratings, markings, methods 
of test, performance, safety and dur- 
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Now in mass production for more than 4 years... 


2N337 SERIES USE- PROVE 


a — ADVANCED APPLICATION. 


Now get advanced application information and complete 
reliability and life-test data on Tl grown-junction silicon 
transistors—based on four years’ experience. 


PARAMETER TEST CONDITIONS AND LIMITS 
PARAMETER TEST 
MEASURED CONDITIONS 


x 20 vde 
25°C 


0001 


.00001 
0 


PARAMETER TEST CONDITIONS AND LIMITS 


Post Test End Limit | 
——— 


/-95% of the units fall within the shaded orea 


TY dice LT 

a A A A 

[a 
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Post Test End Limit a 
ae ee) 


3 4 5 6 


Icso and hre characteristics of a sample of 60 TI 2N337 and 2N338 units over a 
6-week period. These tests are conducted by TI’s independently operated Quality 
Assurance Branch, and are representative of the complete parameter behavior 
test information in the Silicon Transistor Reliability Data brochure listed below. 


PUSH-PULL TRANSISTORIZED SERVO 
AMPLIFIER 


Description of a 2-watt transistorized 
servo amplifier which, using unfiltered 
rectified a-c for the collector supply, 
has high collector efficiency. 


TRANSISTORIZED VOLTAGE REGULATOR 
CIRCUIT 


Description of a circuit which can reg- 
ulate the voltage to loads demanding 
up to 600 ma. 


reliabilies 
«Beaten 
avs 


r 
| 
' 
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HIGH-INPUT-IMPEDANCE AMPLIFIER 
USING SILICON TRANSISTORS 


Amplifier described has input imped- 
ance of 8 megohms, voltage gain of 40 
db, and output impedance of 600 ohms. 


HIGH-FREQUENCY CHARACTERISTICS OF 
GROWN-DIFFUSED SILICON TRANSISTORS 
Description of characteristics of 
2N338 switching and general-purpose 


unit and 3N34 and 3N35 very-high- 
frequency tetrodes. 


SILICON TRANSISTOR RELIABILITY DATA 


Complete parameter analysis of TI 2N332 through 2N343 
—a graphic presentation of parameter behavior with time 
when one type transistor from a series is subjected to stated 
tests. The graphs above are representative of this data, 


These reports are available by writing on your letterhead 
to your nearest TI sales office, and are not available 
through magazine reader service cards. 
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ae apa with reliable T/I silicon transistors 


New improved TI 2N337 and 2N338 specifications 
provide greater design flexibility for your switching 
circuits ... nuclear counters ... pre-amplifiers .. . 
RF amplifiers. ..455 KC IF amplifiers...and many 
other high frequency applications. 

You get high gain at low current levels with TI dif- 
fused silicon transistors. High alpha cutoff ...10me 
min for 2N337, 20 me min for 2N33 .and ex- 
tremely low collector capacitance assure optimum 


performance in your switching and high frequency 
amplifier applications. 

Over four years of mass production and successful use 
in the most advanced military and industrial appli- 
cations have proved the value of the TI 2N337 series. 
Consider TI’s guaranteed specs when you select de- 
vices for your next transistor circuit. These units 
are immediately available in production quantities or 
from large stocks at all authorized TI distributors. 


design characteristics at 25° C ambient (except where advanced temperatures are indicated) -_— 2N337 aa 2N338 pera 


test conditions 


Veep = 20V Ie =0 
Veg = 20V Ie =0 
log = 50uA Ip =0 
leg = 50uA Ic =0 
Vep = 20V le = —1mA 
Veg = 20V le = —1mA 
Ves = 20V Ie = —lmA 
Veg = 20V Ie = —lmA 
Vee = SV Ic = 10mA 
Vcp = 20V Ie = —1mA 
Vcp = 20V Ie = —lmA 


Ipt Io = 10mA 
Veg = 20V Eau 


lcBo Collector Cutoff Current 
at 150°C 
BVcso Breakdown Voltage 
BVepo Breakdown Voltage 
ib Input Impedance 
Nob Output Admittance 
heb Feedback Voltage Ratio 
hep Current Transfer Ratio 
hee DC Beta 
fab Frequency Cutoff 
Collector Capacitance* 
Saturation Resistancet 
Current Transfer Ratio 
Rise time§ 
Storage Time 
Fall time 


* Measured at 1 mc t Common Emitter 


WORLD'S LARGEST SEMICONDUCTOR PLANT 


mA, f = 2.5mc 


t Ig = 1mA for 2N337, 0.5mA for 2N338 
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§ Includes delay time (ty) 
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ability of electric space heating equip- 


as ment of the types used principally in 
0, OY residences, 


HV 1-1959, Summary of Charac- 


fractional horsepower arn ig | teristics of Apparatus Insulators, 30¢. 


The characteristics of cap-. pin-, and 


: post-type insulators are given. The char- 
0 VUls 4 acteristics include the technical refer- 
; : ence number of the unit or stack: num- 


, ber of units and height per stack; 
Skeleton Types ¢ Gear Types diameters; cantilever, tensile, torsional 
and compression strength; radio in- 
fluence voltage data; low-frequency 
puncture, flashover and — withstand 
values; leakage and dry arcing dis 
tance: and impulse flashover and with- 
stand values. 


200-1959, Analysis of 1959 Re- 
vision of National Electrical Code, 50¢. 


We specialize in custom ; 
Many changes. both in substance and 


manufacturing all kinds 

se ahedis of fhp motors. Whether 

MANUFACTURED you need skeleton types 

TO YOUR 

d or gearmotors, standard 
SPECIFICATIONS . 

or special, Molon can 

supply them fast and at 

low cost. Send for free 


descriptive circulars. $G1-1958, Electric Power Connec- 


editorial arrangement, have been in- 
cluded in the 1959 edition of the Code 
To assist users in comparing the 1956 
and 1959 editions, an analysis of the 
changes which have been approved 


since 1956 has been prepared. 


tor Standards. $1.80. Suggested mini- 


mum design standards for both alumi- 
0, lo Yf Motor and Coil Comp. wied'in ihe newly revived standard 


3737 INDUSTRIAL AVE., ROLLING MEADOWS, ILLINOIS whith also include recommended 
Circle 162 on page 17 tightening torques for aluminum and 
bronze bolts. 


“i dependable source... oe Copies are available from National 


Electrical Manufacturers Association, 
15 


55 E. 44 St.. New York 17, N. Y. 


for Porcelain, Steatite, 


Refractory and Filter parts i iit 
, . . 

... that’s the Wisconsin A-1, A-S, Compilation of ASTM 
Standards Relating to Coated and Un 
coated Iron and Steel Sheet and Strip. 
$3.00. There are 21 standards in the 
volume including 11 specifications for 
steel sheet and strip. three specifications 
for metallic-coated steel sheet, two 
specifications for wrought-iron sheet, 
and one for metallic coating materials. 
In addition there are four methods of 
test. 

Copies may be obtained from ASTM 
headquarters, 1916 Race St., Philadel- 
phia 3, Pa. 

Over 32 years of uninterrupted REFRACTORY — Especially suited to 


plant operation has established our applications where great temper- 
reputation for dependable service and ature variation is a factor. EIA Standards 


‘kept’ delivery promises. : 
ve yP ; FILTER — Designed to accurately RS-227, One-Inch Perforated Tape, 
When you need ceramic parts of filter and control flow of liquids. 956. This St: aa a ; sla 
25¢. This Standard is new material 
great accuracy and toughness — : : ‘ cee 
turn to Wisconsin Porcelain Co. TELL US YOUR REQUIREMENTS — Our from Standards Proposals 544, 577 and 
The line includes: ceramic engineers will work with 588. 


i i you in selecting or designing the RS-228, Fixed. Tantalum Electrolytic 
PORCELAIN — Pieces are of consistent part best suited to your applica- ' » a4 Klectrolytic 


high quality — furnished with tion. Capacitors (Polarized), $1.65. This 
very white finish, or glazed in : ; Standard is new material from Stand- 
various colors. Serving the Electrical and Electroni¢ ards Proposal 609 

—— ‘le oe ge noes sone Industries since 1919. Copies may be ordered from Elec- 
ow electrical loss, ability to 2 i ite cae 5 
ssfiieenniedl ehactvice’ chock or tow WISCONSIN PORCELAIN CO. tron Indu trie A re iation, 650 
water absorption are require- 122 Lincoln St. Salmon lower, 1] W. 42 St., New York 
ments. Sun Prairie, Wisconsin 36, N. Y. 
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The Electrical Tape 
that stays flexible in foul weather 


Polyken Polyethylene #822 won't 
get brittle in severe cold—withstands 
ageing, chemicals and abrasives 


Here’s one electrical tape that doesn’t care how cold it gets. 
Polyken #822 stays flexible even in sub-zero temperatures. You 
don’t have to keep it in your shirt pocket. 

And with this polyethylene tape, you’re sure of maximum Just one-step insulation. You don’t have to fool 
insulation. A dielectric strength of over 10,000 volts. Plus a new with any rubber-splicing compound or friction tape 
high for tape in resistance to ageing, water, sunlight and abrasion. combinations. All you need is Polyken Tape #822. 

What’s more, chemicals, solvents, fungi, acids and alkalies have 
little effect on this miracle plastic. You get permanence, stability 


: ® 
and inertness. 
Why not investigate this new tape? Polyken representatives O U fo n 


are among the industry’s best trained technicians in the use and 


application of electrical tapes. ELECTRICAL TAPES 
Find Your Look in the phone book under ‘“Tapes’’, or if you like, write 


| Nearest Distributor 
ute to Polyken Sales Division, 309 W. Jackson Blvd., Chicago 6 
Yellow Pages | : ’ . ? > THE 
, Jj Illinois. (In Canada, write Polyken, Curity Ave., Toronto. KENDALL company 


< Polyken Seles Division 
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Editorial Reprints Available 


As manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
MANUFACTURING, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form. 

Available reprints of articles in this 
and previous issues are briefed here. 
Any regular EvectrricaL MANUFAC- 
TURING reader qualifies for one copy 
of all single-article reprints, without 
charge. 

The numbers at the end of reprint 
listings correspond to the numbers on 
the postcards incorporated in the 
Reader Inquiry Service Section be- 


ginning on page 17. Readers should 
circle those numbers which correspond 
to the reprints desired. 

If multiple quantities of these re- 
prints are desired, the rates to govern 
are indicated below. Remittance must 
accompany all orders. Larger quanti- 
ties, special quotation. 


Cost of Single-Subject Reprints 
No. of Number of pages 
Reprints 4-12 16-32 
Gratis Gratis 
‘$2.00 $3.75 
3.75 6.00 
7.50 12.50 





Research Progress in Dielectrics—1959, 
January 1960, 11 pages. The 13th 
annual on-the-spot review of the Con- 
ference on Electrical Insulation of the 
National Academy of Sciences-Na- 
tional Research Council. The review 
abstracts and interprets the papers and 
discussion in the light of their short- 
range and long-range effects on prob- 
lems in equipment and systems de- 
sign. Included are discussions on re- 
search activities in high-temperature 
materials, nuclear radiation effects, 
capacitor dielectrics, microwave prop- 
erties, and associated test techniques. 


(745) 


-N-P-N Four-Layer Diodes in Switch- 
ing Functions, January 1960, 7 pages. 
Theory of operation of two-terminal 
transistor-like devices which can be 
switched by changing the voltage 
across them or the current through 
them. Applications include pulse gen- 
erators and core drivers, ring counters 
and multivibrators. Mathematical ex- 
pressions derived for operating para- 


meters. (743) 


Prevention of Electric Shock Hazard as 
a Basic Design Consideration, Janu- 
ary 1960, 5 pages. The importance 
of stressing electric shock hazard fac- 
tors in the preliminary stage of equip- 
ment design is discussed. Applicable 
data from the literature have been 
analyzed and suitable graphs and no- 
mographs derived for design purposes. 
Major shock hazards such as large 
non-current-carrying metal parts and 
exposed sharp parts are discussed, as 
well as other specific design problems. 

(746) 


Control System Representations, Decem- 
ber 1959, 3 pages. A chart showing 
seven basic control-system element 
classifications and their various com- 


178 


mon representations, including transfer 
functions, equivalent analog computer 
circuits, Bode diagrams, Nyquist dia- 
grams, and time constants. This re- 
print is now being included in the 
combined reprint of the recent series 
on “Automatic Control System De- 
sign” by Ira Ritow (see p 196). For 
those who ordered the latter previ- 
ously, this chart may now be obtained 
individually free of charge by circling 
the proper number on the Reader 
Service postcards, page 17. (744) 


Magnetic Amplifier Computing Control 
Circuits, December 1959, 9 pages. 
Building-block approach to analog 
control circuitry using standardized 
plug-in precision magnetic amplifiers. 
Covers amplifier design of one manu- 
facturer, basic circuits, typical applica- 
tions, and procedures for designing 
equation-solving circuitry to imple- 
ment Laplace transforms. (706) 


Aluminum—Its Electromechanical Func- 
tion in Design, December 1959, 11 
pages. This Staff Report stresses the 
mechanical and_ structural uses of 
aluminum and its alloys (as distinct 
from electrical conductor applications) 
in a wide spectrum of electrical com- 
ponents and equipment. Applicable 
properties and their design significance 
are discussed and suitable graphs and 
tabular data are provided. Special 
considerations such as effects of cor- 
rosion, thermal conditions, and fabrica- 
tion are also discussed in detail. (704) 


Effects of Temperature on A-C Magnetic 
Properties of Nickel-Iron Alloys, De- 
cember 1959, 6 pages. A report on the 
second half of a two-part study to 
provide design data for developmental 
magnetic devices and to observe tem- 
perature-compensation parameters for 
existing applications. Results are re- 
ported in the form of curves for 60, 
400, and 1000 cps describing varia- 


tion of core loss per unit of weight and 
rms exciting volt-amperes per unit of 
weight as temperature varies. Six al- 
loys are reported for the temperature 
range —60 to +250 C. (737) 


Rectifer Voltage Transients—Causes, De- 


tection, Reduction, December 1959, 
7 pages. A “how-to” article on deter- 
mining the sources of high voltage 
transients in semiconductor rectifier 
circuits, detecting their presence in 
actual equipment, and providing means 
for their effective reduction. (729) 


Accelerometers and Their Characteristics, 


November 1959, 9 pages. A survey of 
the various types of accelerometers 
available today and their character- 
istics when applied to high-perform- 
ance servos such as those found in 
inertial guidance. Includes an intro- 
duction to the theory of inertial guid- 
ance and a list of accelerometer manu- 
facturers and the types of units they 


make. (712) 


Inherent Motor Overheat Protection 


Moves inside the Field Coils, Novem- 
ber 1959, 8 pages. Two solutions to 
the problem of putting temperature 
sensors in the stator windings of in- 
duction motors are described, both 
involving thermistors. The Westing- 
house solution uses thermistors in a 
newly discovered positive-temperature- 
coefficient resistor mode. Cutler- 
Hammer’s approach makes use of the 
well known negative temperature co- 
efficient of thermistors applied in a 
transistor circuit. (739) 


Beryllium — The Metal and Its Design 


Potential, November 1959, 7 pages. 
A review of the properties and appli- 
cations of beryllium aud some of its 
alloys as related to the design func- 
tions. Physical, thermal, electrical, 
optical and nuclear properties are 
detailed and projected into design 
considerations. Design parameters are 
explored and expanded with the aid 
of charts, tables and graphs. (719) 


Motor-Blower Selection Factors, Novem- 


ber 1959, 6 pages. Performance char- 
acteristics and factors such as relative 
space and cost of the two principal 
forms of blower impeller are discussed. 
The economics and engineering aspects 
of direct motor drive are compared 
with belt drive for blowers as a guide 
for selection. (717) 


Core Factors in Magnetic Switch Per- 


formance, October 1959, 4 pages. In 
“rectangular”-loop core materials for 
static switch applications, permeability 
variation is a major and uncontrollable 
factor. Core test and switch design 
methods for determining and compen- 
sating for magnetic variations are 
presented. (732) 


Effects of Temperature on Magnetic Core 


Materials, October 1959, 8 pages. Pri- 
mary design data for most commer- 
cially significant magnetic alloy types 
used for transformers, magnetic am- 
plifiers, relays, servomotors, etc. in 
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Youngster is inoculated with vaccine from Chas. Pfizer & Co. Inc., world famous pharmaceutical manufacturer 


Air Express speeds vaccine to Doctors...in just hours 


A child comes down with flu. Then another. And another. The local Board of Health’s supply of 
vaccine runs low. A wire is sent to Pfizer. A few hours /ater, all the children are inoculated. Only 
A/R EXPRESS delivers so fast, so dependably—anywhere in the U. S. This high-priority shipping service, 
the nation’s most complete, is America’s new way of doing business—even for day-to-day shipments. 
Kid-glove handling. Jet-age speed. Amazingly low cost. 
And just a single phone call is necessary. Whatever your 
business—parts, perishables or new models—with AIR 
EXPRESS you're FIRST TO MARKET...FIRST TO SELL! 


® CALL AIR EXPRESS DIVISION OF RAILWAY EXPRESS AGENCY « GETS THERE FIRST VIA U. S. SCHEDULED A/RLINES 
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recorded with Brush operations 
monitors. Multiple high-speed 
events are reported in writing 
within 4 milliseconds of occur- 
rence—to establish the basis for 
split-second, million dollar de- 
cisions necessary in today’s com- 
plex control systems. Up to 120 
separate “‘on-off” event signals 
are monitored and permanently 
recorded on a chart only 12” 
wide. Fixed-stylus electric writ- 
ing provides sharp, reproduc- 
ible traces of uniform clarity. 
Chart speeds from one to 250 
mm/sec permit a precise inter- 
pretation of all events, with 
resolution up to 500 signal 
changes per second. For military 
or industrial analysis and control, 
no direct writing recording sys- 
tem can match the capabilities 
of Brush Operations Monitors. 
Write today for complete speci- 
fications and application data. 


—_—brush INSTRUMENTS 


DIVISION OF 


37TH AND PERKINS | CLEVITE | CLEVELAND 14, OHIO 


CORPORATION 





now available from G-L... 


HIGH PERMEABILITY 


nickel alloy 
Magnetic 
Laminations 


plus the QUALITY, 
UNIFORMITY and SERVICE 
that have made 
G-L TAPE WOUND CORES 
a standard in the industry 


High permeability magnetic laminations, 
made to the most exacting standards 
in the industry, can now be obtained 
from G-L. 


Transformer Laminations hove the su- 
perior characteristics and uniformity-of- 
product associated with G-L magnetic tape 
wound cores. Controlled production tech- 
niques, careful selection of material, expert 
tooling and precision stamping assure you 
of the highest quality. 


Magnetic Head Laminations are the 
result of improvements made by G-L on 
normal processing techniques to provide 
laminations with minimum burrs, improved 
stacking factors, reduced head dimensions. 


Special Shapes are available from G-L 
for special applications. Our own tool and die 
shop is set up to do rapid prototype work. 


Your inquiries are invited. Write, wire or 
call. Send us prints on your current require- 
ments for an immediate quotation. Our 
illustrated magnetic laminations folder, 
TB-104, will be mailed upon request. 


Gl CLECTTCNNES 
2921 Admiral Wilson Blvd., Camden 5, N. J. 


Phone WOodlawn 6-2780 
Teletype TWX 761, Camden, New Jersey 
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military applications. Measurements 
include d-c magnetization curves, ini- 
tial and maximum permeabilities, plus 
a-c and d-c values of “squareness” 
ratio, remanence, saturation magneti- 
zation and coercivity for L-Silectron, 
Transformer-A, 11.7 and 15.5 Alfenol, 
3 Mo Thermenol, Supermendur, 7-70 
Perminvar. Orthonol, AEM 4750, 4-79 
Mo Permalloy. (710) 


The Four-Bar Linkage as a Function 
Generator, October 1959, 9 pages. 
Advantages of the four-bar linkage as 
a computing and control element are 
outlined, with examples of both graphic 
and analytical methods of linkage de- 
sign and evaluation. (742) 


Silver and Silver Alloys—Properties and 
Design Applications, October 1959, 6 
pages. Silver and silver alloys are dis- 
cussed from their position as important 
design materials in electrical and elec- 
tronic devices and equipment. Inherent 
characteristics such as electrical con- 
ductivity, corrosion resistance, fabric. 
ability and reliability are explained. 
Tabular data are provided and appli- 
cations are summarized. (716) 


Determination of Electrical Resistance of 
Metal Parts, September 1959, 6 pages. 
A tabular compilation of electrical re- 
sistivity characteristics in metallic ma- 
terials most likely to be used in design. 
Methods for calculating total resistiv- 
ity are given. Also presented is a 
nomogram for calculating total re- 
sistance of circular cross-sections of 


metals. (709) 


Engineered Cooling Cuts Equipment 
Bulk, September 1959, 10 pages. The 
essential theory and key design con- 
cepts of heat-flow engineering were 
established in the Basic Science article 
“Heat Flow Theory” (ELECTRICAL 
MANUFACTURING, April 1959—see also 
Basic Science Reprints page in this is- 
sue). The present article, by the same 
author, projects these principles into 
specific analytical design procedures 
for heat exchangers for cooling and 
adding heat as desired in equipment 
assemblies and enclosures. (713) 


Joint Factors in Stacked Magnetic-Core 
Design, September 1959, 8 pages. For 
transformer and other magnetic lamin- 
ated-core designers and for producers 
of electrical steel it is important that 
a separation be made between the 
properties of magnetic materials and 
the effects due to joints and other 
mechanical factors. Analytical meth- 
ods for segregating material from 
other effects in stacked cores are 
presented. (740) 


Fluorochemical-Vapor Cooling Tech- 
niques in Electronic Equipment, Au- 
gust 1959, 5 pages. A study of fluoro- 
chemical vapors used as dielectric and 
heat-transfer material. Properties of 
these materials are discussed. Different 
types of cooling systems and special 
design parameters for use of fluoro- 
chemical vapors in electronic equip- 
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Avoid a “second best’’ choice. Get exactly what you need. Only Brush permits 
selection of ... Writing Method... ink, electric or thermal .. . 

Trace Presentation .. . curvilinear or rectilinear .. . Configuration. . . vertical or 
horizontal, rack mounted or portable models. Also ... chart speeds from 

50’’/sec to 10’’/day . . . functionally designed control panels . . . readily accessible 
components for fast inspection, simple adjustment . . . complete, easy to understand 
operating manuals. Get the industry’s most advanced design concepts. You never need 
compromise when you specify Brush. Complete information at your request. 
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Nickelectric News 


DEVELOPMENTS IN NICKEL AND IN NICKEL ALLOYS AND THEIR APPLICATIONS LN 


Overheat detector loops, protected by Inconel 
oe monitor temperature in critical 
areas of hydrogen reactor. 


Inconel Alloy keeps senses of 
dual-acting fire detector sharp 


-.-armors sensitive element 
from flame, abrasion, corrosion 


BELLEVILLE, N. J.: Looped through dan- 
ger zones of process equipment (see 
photo above), airplanes and atomic 
energy installations, this new Kidde 
continuous-line overheat-fire detector 
warns of overheat wherever it goes. 
When heated rapidly, it signals “fire” 
regardless of temperature reached. 


Inside, Inconel-clad nickel wire 
assures maximum sensitivity 


In operation, heating causes variations 
in an electrical current flowing between 
two parallel ceramic-embedded nickel 
wires clad with Inconel* nickel-chro- 
mium alloy (see drawing). These varia- 
tions signal a control unit, triggering 
an alarm. Inconel alloy prevents chemi- 
cal reaction between wires and ceramic, 
maintaining detector’s heat response. 
Nickel supplies good conductivity, 
strength at high temperatures. 


Ceramic -Thermistor Core— 
pp, Loves resistance when heated 


0.09-in. Inconel Tube— 


Protects core ogains! minor 
dents and abrasions 


Ce » Embedded Inconel- 
; clad nickel wires— 
Air Spoce— ‘ Connected vio end- 
Seporates core from fimngs to 


protectve tubing Wheatstone bridge 


Cross section of sensitive overheat-fire detec- 
tor element shows Inconel sheathing (with- 
stands 2000°F); Inconel cladding on nickel 
wires (prevents reaction with ceramic core). 
Made by Walter Kidde & Company, Inc., In- 
dustrial and Marine Div., Belleville 9, N. J. 


Inconel sheathing armors loop 


The Inconel sheath resists dents, abra- 
sion, corrosion, withstands tempera- 
tures up to 2000°F. Ductility of Inconel 
alloy permits easy bending of element 
to contours of protected areas. 
Pertinent Literature: Write for book- 
lets T-7; “Engineering Properties of 
Inconel,’ and T-15; “Engineering 
Properties of Nickel.” Circle 168 on page 17 


Monel housings maintain switch 


precision in hostile environments 
...from-65° to +1000°F in vapors, vacuums 


FREEPORY, ILL.: 


Switch developments are keeping pace with man’s 


s rush into new 


environments. They must! Now, as never before, switches are required to do their 


jobs in extreme conditions... 


The Monel housing helps provide an operative 
range from —65° to + 1000° F in this high tem- 


perature “HT” switch made by MICRO SWITCH. 


High magnetostrictive effect 
“of Nickel broadens use of 
ultrasonic cleaners 
NEW York, N. Y.: Because Nickel has 
a large magnetostrictive effect, it’s 
used to energize many kinds of ultra- 
sonic cleaners. In atomic energy instal- 
lations, for example, these cleaners re- 
move radioactive particles from equip- 
ment. They clean surgical instruments; 

even entire jet engines! 

One ultrasonic cleaner, developed by 
American Time Products, is used to 
clean tiny electronic parts. 


“*“A’’ Nickel 
laminations 
produce high- 
frequency Cca- 
vitations in 
cleaning and 
rinsing pots of 
this “Watch- 
master” unit, 
developed by 
AmericanTime 
Products, Inc., 
New York City. 


ATP’s chief engineer writes: ‘“Elec- 
tronic-Grade ‘A’* Nickel enables us 
to produce a simple, economical trans- 
ducer for converting electrical energy 
into high-frequency vibrations. The 
Nickel withstands high heats, mechani- 
cal abuse and corrosive solutions, pro- 
viding a long, stable life.” 

Nickel transducers operate up to 100 
kilocycles per second, drive high im- 
pedance loads such as process liquids 
and machining tools. 


HUNTINGTON ALLOY PRODUCTS DIVISION 


The International Nickel Company, Inc. 
67 Wall Street New York 5, N. Y. 


.of temperature, of vacuum, of corrosion, of vibration. 


Switch works hot or cold 


An outstanding switch development is 
the high temperature “HT” MICRO 
SWITCH** produced by Minneapolis- 
Honeywell. In tests at 1000°F, “HT” 
switches snapped on-off more than 
10,000 times while carrying 10 amps 
at 28 volts de. In actual use, they oper- 
ate precisely scant inches from the 
white-hot blast of a “jet plane after- 
burner, can work in —65°F cold. 

Housings for these “super-duty” 
switches are made of Monel* nickel- 
copper alloy for three big reasons: this 
durable metal retains ample strength 
at 1000° F, doesn’t embrittle at —65° F, 
readily withstands corrosive industrial 
fumes and marine atmospheres. 


A sealed chamber of Monel alloy guards the 
contacts of this ‘‘HS’’ MICRO SWITCH. Result: 
precise and reliable switching operation even 
in damp, corrosive atmospheres. Conductors 
to the chamber are sealed in glass (shown by 
diagonal lines). 


Switch works in vapors and vacuums 


In the hermetically sealed “HS” 
MICRO SWITCH, acorrosion-resisting 
Monel chamber encloses switch con- 
tacts in a dry inert gas (see shaded 
area in drawing). Corrosive moisture 
doesn’t get through to condense on con- 
tacts; low ambient pressure can’t cause 
spark-over; switch retains precision. 
Compared to other materials for the 
switch housings, Monel alloy is a stand- 
out... offering the best drawing, ma- 
chining and fabricating properties. 
Pertinent Literature: Write for booklet 
T-5; “Engineering Properties of Monel 
and ‘R’ Monel.” Circle 169 on -~-« 17 





¢Pertinent Literature: “Design of Nickel 


Magnetostriction Transducers.” Write 
for a copy. 
*Inco trademark 
**T.M. of Micro Switch Div., 
Regulator Company 
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OT RAIGHT 
FORMED... 


VULCAN FINNED 
HEATERS 


Both Vulean Finned Strip 
and Tubular Heaters are avail- 
able in a wide range of straight 
lengths. In addition, Finned 
Tubular Heaters may be formed 
in a variety of hairpin bends. 

Vulcan Finned Heaters pro- 
vide six times more effective heat 
transfer surface than conven- 
tional elements. This makes 
them ideal for use in blower 
type electric unit heaters; duct 
heating; unit convection heat- 
ing; as oven or space heaters in 
dryers, pump rooms, etc.; base- 
board room heaters and 
many other applications. 

Write for catalog describing 
standard sizes, wattage and 
voltage ratings, sheath metals, 
terminal construction, and 
prices. 


Persaiily in F teat fattcg 


VULCAN ELECTRIC COMPANY, Danvers, Mass. 


Circle 171 on page 17 


ment are investigated and presented. 
Supporting data in the form of charts, 


tables and mathematical formulae are 
given (718) 


The Shock Spectrum: a Means of Stating 
Mechanical Shock Requirements, Au- 
gust 1959, 8 pages. The use of shock 
spectrum instead of pulse shape to 
specify shock-test requirements. A dis- 
cussion of the instrumentation and 
other considerations involved in this 
new approach. (741) 


Air Filters for Electronic Equipment, 
August 1959, 4 pages. The selection 
and application of mechanical air filters 
for use in the cooling systems of 
electronic equipment, particularly as 
applied to military equipment. Various 
types (viscous impingement, electro- 
static and dry) are described and their 
characteristics are enumerated. (711) 


Relay Test Code Advanced, July 1959, 
10 pages. The gist of relay design 
and application discussions at the 
Seventh National Conference on Elec- 
tromagnetic Relays. Many of the 
technical papers and the reports of 
the NARM Relay Test Code com- 
mittees are summarized. (708) 


D-C Torque Motors for Servo Applica- 
tions, July 1959, 6 pages. Use of the 
torque motor, a type of electromagnetic 
transducer, has grown rapidly in the 
last few years. Theory of operation 
and notes on application of commer- 
cially available units are given. (726) 


Construction and Use of Alignment 
Nomograms, June 1959, 5 pages. The 
advantages of alignment nomograms 
over Cartesian curves for many en- 
gineering purposes are related. Specific 
procedures for constructing alignment 
charts are outlined, with supporting 
examples being given. (731) 


Pressure-Sensitive Electrical Tapes as 
Designed-In Components, June 1959, 
5 pages. A review of major types of 
pressure-sensitive electrical tapes, with 
emphasis on new tape materials and 
their effect on application problems. 
Areas of application are summarized 
and test methods listed. (703) 


Clad and Laminated Metals—Their De- 
sign Potentials, June 1959, 7 pages. 
Presented are examples of areas of 
application of combined metals. Com- 
binations by cladding and laminating 
give, for certain applications, a su- 
perior product which yields the best 
properties of each constituent metal. 
Treated in this article are the precious 
and rare metals, aluminum, steel, cop- 
per and molybdenum combinations. 
Illustrated by typical case histories 
supported by graphs, charts and illus- 
trations. (707) 


How to Specify Insulating Varnishes 
For Equipment Reliability, May 1959, 
6 pages. Major insulating varnish 
types are identified, their properties 
and application areas evaluated, and 
compatibility with other elements of 
electrical systems analyzed. Emphasis 
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® Specialized high production 
techniques afford lowest possible 
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® Precision tooling, rigid quality 
control assure tolerances to critical 
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® Ample stocks of over 1000 differ- 
ent parts permit prompt delivery. 


® Malco specializes in a complete 
line of small stampings for Radio- 
TV, electrical/electronic and auto- 
motive industries. 


@ Our line includes terminals and 
printed circuit hardware in loose 
or in chain form for automatic 
insertion. 

Let Malco show you how you can save 
on production time and costs. Contact 
us today. 
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Why Du Pont insulation 
is in a class by itself. 


ARMALON® TFE-fluorocarbon resin coated glass fabric 


Serviceabie from -125°F to +482°F (Classified as Class H insulation) 


GENERAL PROPERTIES SPECIFIC PROPERTIES* of single ply 3 mils 


Each of these electrical insulating 
materials—Du Pont coated glass fab- 
rics—more than meets the industry 
standards of its class. As you look 
over the data, you'll note outstand- 
ing chemical and mechanical charac- 


teristics as well as electrical—better 


property balance. 


Du Pont insulation is unmatched 
in performance. You'll discover it is 
remarkably uniform in caliper...can 
give you greater design freedom, 
make your product more reliable, re- 
duce your rejects. And for particular 
insulation problems, Du Pont Techni- 
cal Service is available to assist you. 


For details, complete data on these 
Du Pont coated fabrics—mail the cou- 
pon today. Or write E. |. du Pont de 
Nemours & Co. (Inc.), Fabrics Division, 
Dept. EM-01, Wilmington 98, Delaware. 


DU PONT 
INDUSTRIAL COATED 
FABRICS 


REG. U. 5. PaT. OFF 


Better Things for Better Living...through Chemistry 


JANUARY 1960 


Unusual heat resistance 


Mechanical strength and extreme 
toughness 


Low flow under heat and pressure 


© Excellent electrical characteristics 


Dielectric strength (14” electroge) 
Surface arc resistance, sec. 
Dielectric constant 


60 cycles 
1,000,000 cycles 


© High degree of chemical inertness 
© Excellent anti-adhesive, non-stick 


© Good retention of electrical 


e@ Puncture resistance 


over a wide range of temperatures 


and frequencies Volume resistivity, ohm-cm 


roem conditions 
300°C 


Insulation resistance, ohms 
properties (96 hrs. @ 90% R.H., 25°C) 10* 10° 
Low water absorption 

Outstanding flame resistanee 


Note: Standard single-ply constructions — available in 4, 5, 8, 10 mils, also — come in rolls or 
sheets 14” to 38” wide; laminates in rolls or 13” x 17” sheets —6 to 25 mils thick. 


Breaking strength, Ibs./in. of width, 
warp » 40 > 50 


LECTON® acrylic resin coated glass fabric 


Serviceable at 226°F continuously, to 310°F intermittently(Classified as Class B insulation) 


SPECIFIC PROPERTIES* of single ply 3mils 7mils 14 mils” 


Dielectric strength (44” electrode) 
@ 25°C 


GENERAL PROPERTIES . 
Good heat resistance 


Mechanical strength and extreme 
toughness @ 130°C > 700 


Dimensional stability @ 25°C after 4 days at 90% R.H. > 900 
Surface arc resistance, sec. > 180 > 180 


> 800 > 600 
> 600 > 500 
> 700 > 550 
> 180 


> 1000 


characteristics to 310°F and under Volume resistivity, ohm-cm 
high humidity conditions @ 25°C 104 104 10" 


@ 130°C 10"? 10"? 10"? 
@ 25°C after 4 days at90% R.H. 10" 10"4 10" 


Breaking strength, Ibs./in., average, W X F 
straight 
bias-cut 
Elongation at rupture, % 


straight 3 
bias-cut 35 


Highly resistant to most solvents, 
transformer oils, fluorinated 
hydrocarbon refrigerants 


Good resistance to nuclear radiation 


90x150 — 250x250 


Modest price 


Note: Standard single-ply constructions — available in 5, 10 mils, also — come in rolis or sheets 
1%” to 60” wide; 7 and 10 mils offered both straight and bias-cut. Laminates supplied in 


rolls 20 and 30 mils thick, and in 18” x 18” sheets .060”, .072”, or 3/32” thick. 


FAIRPRENE® silicone rubber coated glass fabric 


Serviceablie from - 70°F to +480°F (conforms to Spec. MIL-C 21948) 


SPECIFIC PROPERTIES * of single ply 7 mils 10 mils 
electrode) 500 > 500 
130 x 110 150 x 140 
8x10 8x10 


350 psi 400 psi 


GENERAL PROPERTIES 


Excellent high-temperature 
resistance 


Good electrical characteristics 
Excellent corona resistance 


Dielectric strength (1/4” 
Tensile strength, Ibs. 
Tear strength, Ibs. 
Burst strength 


Low-temperature flexibility Oil resistance 


70 hrs. @ 350°F 
in ASTM #1 oil 


volume change +5% 
decomposition none 
surface tack none 
*Derived from standard testing methods. These data are a guide to properties and 
are not to be regarded as specifications. 


E. |. du Pont de Nemours & Co. (inc.) 
Fabrics Division, Dept. EM-01, Wilmington 98, Delaware. 


Please send me FREE information on: 
[] “Armalon” [j “Lecton” [ “Fairprene” 
| want this information for [1] reference only 


[] Du Pont Technical Service 
C] an immediate project 
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Company 
Street 
City 
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is given to insulating varnishes as key 
components in designing insulation 
systems for optimum equipment life 


and reliability. (730) 


Static Switching Today, May 1959, 9 
pages. A survey of static switching as 
it is applied in machine control sys- 
tems. Includes theory of switching 
circuits and how various types of de- 
vices are used. Units supplied by 
various manufacturers are also de- 


scribed. (714) 


Editorial Index to Electrical Manufac- 
turing for 1958, 24 pages. This yearly 
subject-classified index is completely 
annotated. Includes an author index 
and reproduces the ELECTRICAL MANu- 
FACTURING Subject Classification and 
Alphabetical Subject Cross Index. (734) 


Progress in Micro-Module Development, 
March 1959, 8 pages. An ELECTRICAL 
MANUFACTURING Staff Report describ- 
ing significant accomplishments in the 
Signal Corps Micro-Module Program. 
Details of micro-element development 
are given and preliminary modules and 
modular assemblies are illustrated. (736) 


Electromagnet Copper-to-Iron Ratio for 

Optimal Design, March 1959, 4 pages. 

The design of an electromagnet by 

Ask for the analysis instead of by successive ap- 
proximation permits determining the 

New 40-page best ratio of copper to iron. Details of 


the method are illustrated using a 

continuous-duty d-c tractive magnet as 

IRK « LUI an example. (720) 
New Developments in Magnetic Ma- 

Sheet and Plate terials and Applications, February 

p . : 1959, 13 pages. Design significance 
abrication Catalog of research progress reported at the 

1958 AIEE Conference on Magnetism 
and Magnetic Materials for: computer 
SEE the endless variety of products, over 100 illustrations, elements, microwave components, per- 


contract manufactured since 1907 by Kirk & Blum in sheet and a yp a magnetic ao 
” ° ° é Ww agnetic > v4 2 
plate to % thickness, as well as light structurals. ind new magnetic devices 


SEE the extensive facilities and equipment of Kirk & Blum’s Designing Optimum Inductors with 
170,000 sq. ft. plant . . . for steel and alloy fabrications up to Ferrite-Biased Gaps, January 1959, 
25 tons. 14 pages. Barium ferrite permanent- 
magnet slabs in place of air gaps per- 

SEE how Kirk & Blum can handle your needs, for 1 or 1000 mit up to 78 per cent volume reduction 
units, economically and promptly, with traditionally high of iron-cored inductors carrying asym- 
K & B quality. metrical currents. Analysis and syn- 
: ; thesis procedures for iron (Audio A) 

Simply clip and send coupon below for your copy. or ceramic (Ferramic H) cores with 
ferrite gaps, air gaps or no gaps— 
depending on which is optimum for 
the specific case. (701) 


THE KIRK & BLUM MANUFACTURING CO. 3122 Forrer St., Cincinnati 9, Ohio Special Purpose Flexible Cord, November 
1958, 4 pages. Properties of flexible 
wire and cable materials are tabulated. 
Special cord designs for use in equip- 
ment required to operate in severe 
environments are described and illus- 


trated. (735) 


Please send me my copy of new Fabrication Catalog. 


a Z : _Title 


Firm__ 





Electronic Standards for Industrial 
Equipment, August 1958, 8 pages. In- 
ternal standards for the electronic por- 
tions of machine control systems, 
prepared by the Plant Engineering 
Electronics Committee of General Mo- 
tors Corp., are offered for general in- 


Address 
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HONEYWELL 


Special bend pro- 
vides extra-precise 
operation with small 
cams 


Roller type actuator 
for use with two 


Roller leaf actuator Leaf type actuator 

for rapid cam or for use where cam 

slide actuation action is infrequent 
or not rapid 


Lever type actuator 
for use with low op- 
erating force 

wk: 


Basic "SM" switches are 
available in over 300 
different variations 


Leaf type actuator 
for use with twoType 


Type "SM" switches * . “SAA” switch 


Integral leaf actu- 
ator for use with 
slow-moving cams 
and slides 


Leaf type actuator 
with special bend to 
follow slow-moving 
cams or slides 


Roller lever actuator 
Integral roller-leaf for high-speed, low- 
actuator for use friction applications 
with fast moving 
cams and slides 


Ten different ways to actuate 
this small, dependable switch 


ecooose ACTUAL SIZE...-++» Here are ten “SSM” subminiature switches equipped with ten different 


Turret 


oO 


Double turret Quick connect : 


““SM’’ switches are available 
with these four kinds 
of terminals 


JANUARY 1960 


integral and auxiliary actuators that contribute to the great versatility 
of these dependable, small switches. For ten years MICRO SWITCH sub- 
miniature switches have been the choice of designers who require switches 
of high electrical capacity which can be mounted in small space. 


For complete information on the MICRO SWITCH lines of subminiature 
and sub-subminiature switches, we invite you to contact your nearby 
MICRO SWITCH branch office, or send for Catalog 63. 


MICRO SWITCH... FREEPORT, ILLINOIS 


A division of Honeywell 
In Canada: Honeywell Controls Limited, Toronto 17, Ontario 


HI Honeywell 


MICRO SWITCH Precision Switches 
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dustry use in conjunction with the 
JIC Standards for Industrial Equip- 
ment (see Reprint 724). (722) 


Ferrites for High-Power R-F Tuning, 
August 1958, 12 pages. The results of 
a program for evaluating commercially 
available ferrites for power tuning ap- 
plications in the range from 2.5 to 30 
megacycles. Included are (1) magnetic 
permeability and QO as a function of 
frequency, r-f flux and temperature; 
(2) dielectric constant and Q, as a 
function of frequency and electric 
field intensity; and (3) recommenda- 
tions for specifications data to be 
supplied by ferrite manufacturers. (715) 


JIC Electrical Standards for Industrial 
Equipment, June 1957, 24 pages. Re- 
vised specifications for the application 
of electrical apparatus to welders and 
other industrial equipment, as adopt- 
ed by the Joint Industry Conference 
held in Detroit, March 1957. Single 
reprints, no charge. Multiple quanti- 
ties may be obtained at the following 
prices: 5—$3.75; 10—$6.00; 25—$12.50; 
50—$20.00; 100—$30.00. Send check 
with order payable to ELectricaL 
MANUFACTURING, 205 East 42 Street, 
New York 17. (724) 


Te | 


with 
Dual Ranges 
to 10.000 


fm pere-Turns 





SATILE 
\ 7 R Designed for production, research and instrument re- 

) 1} aS pair work, the Model 1500 will magnetize the new 

cobalt platinum and barium ferrite materials as well F 

as all the Alnicos. It will saturate large switchboard vel 
meter assemblies and all panel type instruments and 
uses most existing adapters designed for the Model 
107A. Wire-wound fixtures are plugged into front 
panel through a safety interlock system providing 
maximum operator protection. Operates from 115- 
volt, 60 cps line. Size 11 x 20 x 15; weight 125 Ibs. 
Price $945. 


other article reprints, see the 
Basic Science Reprints Section starting 


on page 190. 


NWAUTOS 


; y ; , Postcard return forms are provided 
A basic condenser discharge unit for most medium 


size magnets, the Model 107A provides ranges of 
12,000 and 24,000 ampere-turns. It is capable of 
saturating most instrument magnets, including the 
new core type mechanisms, using adapters or 
wire-wound fixtures. Designed for continuous 
duty. Operates from 115-volt, 60-cycle line. 
Price $530. 


on page 17 as a convenience to the 
reader in obtaining— 


MODEL 107A 


New Components and Materials 
Additional data from the sup- 


NUL NANHNEA plier of any item reviewed. 


A high powered magnetizer (up to 200,000 
ampere-turns) capable of charging large Al- 


nico and ceramic magnets of various shapes or 
pole configurations. Adapters for multi-pole 
rotors, rod, bar, ring and other shapes are 
available. Designed for continuous produc- 
tion use. Size 30” x 33” x 38”; weight 235 Ibs. 
with 200-uf unit. Price of basic unit is less 
than $2100. 


Performance of all models is rigidly guaran- 
teed. Prices are net f.0.b. Boonton, N.J. and 
subject to change without notice. 


ani Haas 
LLL ease 


Boonton, New jersey, U.S y 
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Literature for the Design 
Engineer 


A copy of any manufacturer’s 


publication reviewed. 


Feature Article Reprints 
Single copies of selected feature 
articles. 


Advertised Products 
More information on any prod- 
uct or service described. 
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In all four wicking and lubrication 
applications on electric motors, 
Western Felt wicks are dependable 
lubricating mediums of excellent 


quality and long life 


ubricated with 


Western Felt Wicking 


By its very nature, wool felt is almost 
automatic in its oil-delivery rate. 


Felt, unlike knitted or woven materials or 
impregnated fibers, does not wick the 
lubricant inside its fibers. Instead, the 
lubricant is held and wicked within the air 
spaces or capillaries between the fibers. 


That is why Western Felt wicks can be 
tailored exactly to the job they must 
perform—to provide optimum wicking 
height, oil-absorption, and rate of transfer. 


With absorption capacities up to five times 
original weight, Western Felts serve as 
excellent self-contained oil reservoirs. 


Western Felt’s experienced design 
engineers welcome an opportunity to work 
with you on any wicking and 

lubrication problem. 


Write for our free illustrated 
technical brochure, 
“Felt Wicking and Lubrication.” 


WESTERN 


Dept. E 
4021-4139 Ogden Ave. 
Chicago 23 


Branches in Principal Cities 


MANUFACTURERS AND CUTTERS OF WOOL FELTS 
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Basic Science Reprints 


Reprints of special Basic Science and 
Engineering inserts or of compendi- 
ums into which are combined several 
separate articles on the same or re- 
lated subjects are available at the 
nominal prices indicated in each list- 
ing. For ordering convenience, use 
the handy Order Form below. Orders 
must be accompanied by remittance 
(either in cash or check) or by your 
Company Purchase Order. Please add 
3% City Sales Tax on orders for New 


Network Analysis, January 1960, 28 
pages plus cover. With preliminary 
concentrated treatment of elementary 
concepts of circuit analysis, the author 
presents a discussion of present-day 
practices in network engineering and 
their theoretical background. Network 


No. of 
copies 


Network Analysis 
Determinants and Matrices .. 


Sampled-Data Systems 


The Electric Field 


Heat Flow Theory 


Slide Rule Mathematics 


Total Copies 


g 


ORDER FORM 


Please enclose remittance (cash or check) or Company Purchase Order. 


Automatic Control System Design 
Low-Noise, Solid-State Microwave Amplifiers . . 
Digital Methods in Measurement and Control . 
Fundamental Properties of Plastics 


Key to Metals in Design Engineering 


Fundamentals of Ferromagnetism 

Using Fourier Analysis in Design 

Introduction to Semiconductor Theory 
Engineering Applications of Boolean Algebra 
Five-Year Annotated Editorial Index 


TO: ELECTRICAL MANUFACTURING, 205 East 42 St., New York 17, N. Y. 


(Add 3% City Sales Tax for New York City delivery.) 


York City delivery. Make checks pay- 
able to ELECTRICAL MANUFACTURING. 

Since handling expenses are a sig- 
nificant cost element in the distribu- 
tion of the reprints, grouping of 
orders makes possible substantial 
savings in cost per copy. For single 
shipments to one address, the follow- 
ing prices (which include shipping 
charges) per copy apply. Prices for 
larger quantities are available on re- 
quest. 


theory as a coherent and_ unified 
study is stressed, as contrasted with 
the less powerful and less useful tra- 
ditional approach to circuits which in- 
volved isolated and unrelated “meth- 


ods” of analysis. 


Price 


Total Order 


Quantity 
25 


Network Analysis $.§ $.75 
Determinants and Matrices 75 
Sampled-Data Systems 
Microwave Amplifiers 
Digital Methods 
Properties of Plastics 
The Electric Field 
Shock and Vibration 
Key to Metals 

Heat Flow Theory 
Ferromagnetism 
Fourier Analysis 
Semiconductor Theory 


Reprint Title 


Ssesssesess: 


Automatic Control Systems 2.00 = 
Boolean Algebra 1.80 1.60 
Slide Rule Mathematics ; 15 
Casting Resins 1.75 1.50 


Determinants and Matrices, December 
1959, 20 pages plus cover. The elec- 
trical network is used as the primary 
example of the engineering problem 
in which analysis leads to mathematical 
systems of equations that readily be- 
come so numerous and involved as to 
require an objectionable amount of 
time for manipulation. The principles 
treated in this article apply to all prob- 
lems involving numerous mathematical 
statements. Included are specific rules 
for the use of determinants for solving 
systems of simultaneous equations, in- 
cluding refinements of the basic pro- 
cedures to apply to higher-order sys- 
tems, and the underlying principles of 
matrix algebra with examples to 
demonstrate the time- and error-sav- 
ing advantages of these two forms of 
mathematical shorthand. $1.00 


Sampled-Data Systems, November 1959, 
20 pages plus cover. An introduction 
to the analysis of closed-loop control 
systems in which the input or error 
signal is periodically sampled (rather 
than continuously connected) as by 
a sampling switch, analog-digital con- 
verter, digital computer, etc. Presents 
impulse-response, frequency-response, 
p-transform and z-transform methods. 
Shows how to plot Nyquist, Bode and 
root-locus diagrams with z transforms. 
Written by Carl O. Carlson of the Na- 
tional Cash Register Co., whose con- 
tributions to the art include: the use 
of the normalized sT plane for ana- 
lyzing sampling adequacy, “pseudo- 
sampling” for determining between- 
sample response and the use of the 
z transform for table-generating func- 
tion. The last is presented for the first 
time in this article. $1.00 


Low-Noise, Solid-State Microwave Am- 
plifiers, October 1959, 16 pages plus 
cover. An engineer-oriented examina- 
tion of the basic quantum mechanical 
principles underlying the operation of 
paramagnetic MASER amplifiers (in- 
cluding ammonia gas, two-level solid- 
state, three-level solid state and optic- 
ally pumped devices) and parametric 
MAVAR amplifiers (both semiconduc- 
tor and ferromagnetic types) plus a 
brief introduction to the tunnel-diode 


ELECTRICAL MANUFACTURING 





4 day 
delivery: 


ston LNG45 


| 
| 
| 


Diodes _ IN646 
1IN647 
IN648 1IN649 


Hughes now offers you immediate delivery on five medium power fused 
silicon glass diodes—types 1N645, 1N646, 1N647, 1N648, and 1N649. 


These Hughes diodes feature a Dumet-stud heat sink for small size and the popular Hughes 
glass package for proven reliability. Widely used in power supplies, magnetic amplifiers and 
similar circuits, these Hughes diodes are specially designed to meet the severe environmental 
requirements of such military equipment as missile telemetering links, airborne radar, and 
communication gear. 

For immediate delivery of these Hughes diodes write, wire or phone the Hughes distributor 
or Semiconductor Division Sales Office nearest you...or write Hughes Semiconductor Divi- 
sion, Marketing Dept., Newport Beach, California. 


ifi es 
Specifications 
Type Max. Working Min, Forward Current Max. Reverse Current OC Current 
Voltage @ specified voltage* at — voltage* lo WA) 
WA) 
1N645 225V 400 mA @ 1.0V a 
1N6a7 sv 
500) 2 
a 


INA womagiov [2 


*@ 2°c 


SEMICONDUCTOR DIVISION 


' 
the West's leader in advanced ELECTRONICS 


©1959 Hughes Aircraft Company 
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amplifier. Written by R. D. Haun, Jr., 
and T. A. Osial of the Westinghouse 
Research Labs. $1.00 


Digital Methods in Measurement and 
Control, September 1959, 20 pages 
plus cover. This review of digital tech- 
niques covers: (1) characteristics and 
advantages of the digital, or numerical, 
approach; (2) basic principles of 
coding, sampling and quantizing; (3) 
digital components and techniques for 
logic and information storage, includ- 
ing flip-flops, AND, OR, NOT, NOR Cir- 
cuits, comparators, memory devices, 
and relative characteristics of cores, 
tubes, transistors and relays; (4) 
digital measurement devices, includ- 
ing pulse generators, counters, voltage 
converters, proximity pickups and posi- 


. tion transducers; (5) digital control 

New |MODULAR SYSTEM! for panel wiring actuators. Written by Michael H. 

: ” Nothman, Gilfillan Bros., Inc., Los 

reduces work all along the line and vastly improves job appear- Angeles. $1.00 
ance. Key to the system is the introduction of Redi-Korners* — a ee 
and Redi-Tees*. They are pre-formed sections for use with tics, August 1959, 16 pages plus cover. 
The fundamental science of polymeric 

Panel Chanel wiring raceways. materials is related to design engineer- 
: oe a a ce ing properties of plastics. Discussion 
Panel layout is simplified. Redi-Korners and Redi-Tees are covers: the molecular formation of 
polymers; the chemistry of addition 
polymers; the chemistry of condensa- 
fixtures are required. tion polymers; the theoretical basis for 
mechanical, electrical and chemical 

properties of polymers. Bibliography 

and glossary provided. Written by 

Thomas D. Callinan, Research Center, 

International Business Machines Cor- 

poration, and Alex. E. Javitz, Special 

Features Editor, ELecrricaAL MANvu- 

FACTURING. $1.00 


simply fastened in place. No mitering or fitting; no jigs or 


The Electric Field (an Electrical Applied 
Physics Monograph), July 1959, 12 
pages plus cover. Contents include dis- 
cussions of the following: Electro- 
statics; Electric Fields in Free Space; 
Electric Induction; Capacitance; 
Mechanical Considerations; Field Ef- 
fects in Devices. Written by Paul G. 
Jacobs, Associate Editor, ELECTRICAL 
MANUFACTURING. $1.00 


The Fundamental Nature of Shock and 

Vibration: Theory, Character, and 

Mechanism of Damage, Principles of 

Testing, June 1959, 20 pages plus 

Straight sections are filled in with Panel Chanel®. Like cover. The nature of shock and vibra- 
mat tion is given in terms of classical phys- 
Redi-Korners and Redi-Tees, it is made of lightweight, reinforced ics and mechanics. The major types 
of vibration are discussed (periodic, 
random, structural and airborne); also 
warp or cold flow. the major types of shock (velocity, 
simple impulse, single complex and 
multiple). Combined environments are 
for connections. Wiring changes are simple, and with the cover also treated. A section is devoted to 
z the effects of shock and vibration on 

missile electronic components. Types 
Get the complete facts quickly. Send for Bulletin S-305. of damage are tabulated and analyzed; 
principles of testing are given; speci- 

fications are summarized. Glossary and 


re “ee Bibliography included. Author is Dr. 
W Irwin Vigness, Head, Shock and Vi- 
a n e I h a n e ' bration Braneh, Mechanics Division, 


U. S. Naval Research Laboratory. $1.00 


thermosetting plastic that does not support combustion; won't 
Wires are easily set in or pulled through to the proper opening 


snapped in place a neat appearance is just automatic. 


Stahlin Brothers, Inc., 101 Maple Street, Belding, Mich. 


Key to Metals in Design Engineering, 
May 1959, 24 pages. Basic principles 


*Trademark 
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Escapement 
mechanisms... 
by 

Bulova 


Bulova enginee 


Bulova mastery of clock escapements and precision manufacturing offers advan- 
tages in design and production of simple, rugged and inexpensive mechanisms 
integrating time, distance and acceleration. 


Bulova capability can make a whole lot of difference in the success and reliability 
of your program—commercial or military. 


Experience in precision design and manufacture is the Bulova tradition—the Bulova 
capability—it has been for over 80 years. For more information write— 


Industrial & Defense Sales, 62-10 Woodside Avenue, Woodside 77, N.Y. 
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of metallurgy are presented and struc- 

tural characteristics of metals related 

to design concepts. Physical and mech- 

anical properties of metals defined. 

The nature and specifications of metals 

are detailed for better understand- 

ing of current literature. The effects 

‘einees' of environment and mechanisms of 

damage are illustrated. Iron and steel, 

AT I NA P | alloys of aluminum, precious and rare 
ior metals, copper, nickel and magnesium 

are presented in their basic design re- 

mR i Ni G “ lationships to fundamental properties. 

re? E t A j Ni ‘ NG | Written by S. H. Avner, N.Y.C. Com- 
munity College, and Harold E. Bar- 

kan, Associate Editor, ELECTRICAL 


Si m p | ify : MANUFACTURING. . $1.00 


yo ur Heat Flow Theory, April 1959, 20 pages. 
A concise review of the major ana- 

desi ns! ae | — lytical techniques developed over the 
g e er R ST Ta ett tal | years to solve heat flow problems. 

es | Basic equations for conduction, con- 

vection and radiation are derived. 
Dimensional analysis is used to estab- 
lish the parameters and the various 
SS | “numbers” (Reynolds, Prandtl, Nusselt, 

National Retaining Rings have effected important 2 apeiongemigapa Graetz, etc.) involved in convection 
economies in a wide range of applications from Send drawin ) expressions. Empirical equations are 
heavy duty machinery to toys. Elimination of eck ea your solved using simulated experimental 
machining, threading, nuts and cotter pins are | cific design problems | data. Examples are chosen from elec- 
typical advantages. In many applications, reduced : EO jee A a . trical and electronic (transistor) appli- 
space and weight requirements and substantial } these cost-cutting ‘re cations. Written by Allan D. Kraus, 
savings in material can be accomplished with bobbi Sl an electromechanical engineer at 
these easy-to-install retaining rings. Sperry Gyroscope Company. $1.00 
The NATIONAL LOCK WASHER COMPANY | Fundamentals of Ferromagnetism, March 
Serving Industry Since 1886 | 1959, 32 pages. A new approach to 

NEWARK 5, NEW JERSEY e MILWAUKEE 2, WISCONSIN | the study of magnetism, derived from 
; Circle 181 on page 17 | modern solid-state physics. Explains 

as magnetic behavior and properties of 

| magnetic materials in terms of fun- 
damental electron interactions. In- 
cludes: Origins of Ferromagnetism; 
Internal Structure of Ferromagnetic 


NEW "Metallized Mylar* | Materials; Magnetization Curves; Time 


Effects in Soft Materials; Effects of 


ACITORS” Bis, Sree, is, Move: Interac 
tions for Heterogeneous Systems; Mag- 


netic Materials of the Present and Fu- 

ture. Written by Anthony Arrott and 

MEET d \ | J. E. Goldman of The Scientific Lab- 
EXCEED | oratory, Ford Motor Co. $1.00 


Mil ¢ Using Fourier Analysis in Design, Feb- 
; ruary 1959, 16 pages. In system and 


REQUIREMENTS . | subsystem design, Fourier analysis per- 


mits the design engineer to design or 

select devices for a particular transient 

performance solely on the basis of their 

Soupeies Cirevits steady-state sinusoidal performance. 
udio Coupling 


Tuned Filters Metallized Mylar® has outstanding advantages which are extremely A thorough theoretical background on 
a . desirable. They —— = -healing ——— oa | Fourier analysis is presented plus a 
nergy Storage extend the useful life of the capacitors imination o ew ess . : : s 
Oscillator Circuits dielectric areas make full use of the highest volts per-mil rating disc ussion of the areas of application 
Power Supply Filter of the film. This produces pees = are a wore with specific examples to point up par- 

i but have longer life, greater reliability with economy. Temperature | oe 
Power faster convection set ier alin ted aoa dime es oo 1 eee ticular problems often encountered. 
Secmaaion tance tolerances are 1%, 2%, 5%, 10%, 20° Yi ——— > Written by Ira Ritow, Airborne Instru- 
H ircui sorption and high resistance are just a few advantages or F ; 
Integrating Circuits ai ues with curves, complete listings, technical ments Lab. $1.00 
oes tet line ea information and illustrations, write today. 


. D t Polyester Film ae . 
Low and high pass filters aan d in two case styles: —bathtub (TYPE AB) Introduction to Semiconductor Theery, 


Radio Frequency Coupling —Metal clad miniature (tubulee TYPE AM) January 1959, 24 pages plus cover. 





Applications: 


Write for full details and illustrated literature. A detailed discussion of conduction 
processes in semiconductors written 
for the design engineer and presented 
as a basis for understanding the phy- 

tin INC. sical principles of operation of semi- 

conductor components. Theory of so- 

lids is presented, followed by a dis- 
cussion of the qualitative aspects of 
semiconductors. P-N junction and 


mars SPMD cme Cee Ce 
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LET SPAULDING GIVE YOU A HAND WITH YOUR 


JANUARY 1960 


Our 5S Plants 
and 
30 Branch 
Sales Offices 
Serve Every 
Industry 


TERMINAL BOARD PROBLEMS 


Specially trained Sales Engineers . . . a broad choice of basic materials 
extensive fabricating facilities ... 85 years of experience. These Spaulding assets 
are at your disposal for terminal board material selection, design or production. 


Spaulding’s variety of basic materials provide unique combinations of proper- 
ties to solve any problem in application. They have extremely high dielectric 
strength, low cold flow, good staking qualities, as well as toughness, chemical 
inertness, moisture resistance and dimensional stability. They are available fabri- 
cated to your exact specifications in completely uniform parts and in basic form 
such as sheets, rods and tubes. 

Contact Spaulding. A Spaulding Sales Engineer can be at your office in a 
matter of hours with complete data on basic materials, fabricating service and 
engineering assistance. 


SPAULDING FIBRE COMPANY, INC. 


337 WHEELER STREET @ TONAWANDA, NEW YORK 
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4027 


A TWO-PART EPOXY MIXTURE 
FOR IMPREGNATING AND MOLDING 
ALL ELECTRICAL WINDINGS 


An epoxy mixture, formerly in three parts, now comes 
complete in TWO PARTS ready to mix and use. Nothing 


else to buy! 


This remarkable mixture, designated as Acme Star 


Compound 4027, is immediately self-extinguishing on 


molded units, even after repeated exposure to flame! 


Cures hard and tough. Has excellent mechanical and 
thermal shock resistance. Viscosity low enough for thorough 


impregnation at process temperatures. Very good ad- 


hesion to metals and other materials used in coil construc- 
tion. For Data Sheets write us attention G. F. Garrity, 


Divisional Sales Manager. 


THE ACME WIRE COMPANY 


NEW HAVEN, CONN. 2 ith 


MAGNET WIRE @ COILS @ VARNISHED INSULATIONS 
INSULATING VARNISHES AND COMPOUNDS 
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MODERN 
ELECTRONIC 
ENGINEERING 
GIVES PRECISE 
MOTOR SPEED 
CONTROL 


1/100 — 10H. P. 


Modern industrial electronic en- 
gineering has been coordinated 
with electric motor design to 
provide a versatile means for 
obtaining the full possible ad- 
vantage of speed control in DC 
motors while operated from the 
regular alternating current power 
line. Grid controlled “Thyratron” 
tubes are utilized for power con- 
trolled stepless variation to sup- 
ply motor armature power. 
Patented feedback, or “Servo” 
circuits provide constant torque 
capability over wide speed ranges 
of as high as 60 to 1 in some 
models and a minimum of 20 
to 1 in others. 


ewogpecd DIV. of ELECTRO DEVICES, Inc 
4 Godwin Ave. Paterson. N. J. 
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metal-semiconductor contact theory 
is described and the effects of voltage, 
temperature, and other external in- 
fluences are analyzed. Transistor theo- 
ry is then presented. Written by Ruth 
F. Schwartz, Research Division, Phil- 
co Corp. $1.00 


COMPENDIUMS 


Automatic Control System Design, 64 
pages plus cover. A parctical textbook 
complete as to theoretical detail, on 
the design of servomechanisms. In the 
process of describing design by trans- 
fer function, system equation, and root- 
locus methods, techniques of analysis 
such as Bode diagrams, Routh’s cri- 
terion, and Nyquist plots are also pres- 
ented. Includes background material 
on complex variables and Laplace 
transforms, bibliography for further 
study. Originally published in ELec- 
TRICAL MANUFACTURING as a series of 
six articles. Includes: Control System 
Representations, December 1959 issue, 
a two-page chart showing seven basic 
control-system element classifications 
and their various common representa- 
tions, including transfer functions, 
equivalent analog computer circuits, 
Bode diagrams, Nyquist diagrams, and 
time constants. Written by Ira Ritow, 
Airborne Instruments Laboratory. $3.00 


Engineering Applications of Boolean Al- 


gebra, 68 pages. A design guide to the 
analysis and synthesis of switching 
circuits and logic systems—both com- 
binational and sequential—in any me- 
dium: mechanical, electrical, hydrau- 
lic, electronic or solid state. Includes 
five previously published articles plus 
a never-before-published appendix. 
Written by Boris Beizer, Airborne In- 
struments Laboratory, and Stephen W. 
Leibholz, Republic Aviation Corpora- 


tion. $2.00 


Five-Year Annotated Editorial Index to 


Electrical Manufacturing, 60 pages. A 
short-cut to research for design en- 
gineers. Book lists, by functional sub- 
ject classification and with succinct 
annotations, every feature article and 
major “Design Trends” short article 
published in ELecrricaAL MANUFAC- 
TURING during the 5-year period from 
1951-1955. $1.50 


Slide Rule Mathematics, 20 pages, plus 


4 practice slide rules printed separate- 
ly. A practical guide to the under- 
standing of the slide rule and its ap- 
plication to engineering problems, this 
combined reprint traces the logical de- 
velopment of the slide rule’s funda- 
mentals and complete concise instruc- 
tions for its use. Major topics include: 
The Basic Slide Rule; Variations on 
Basic C-D Operation; Trigonometry; 
The Log-Log Scales; Vector Dia- 
grams; Hyperbolic Functions; Phasor 
Calculations; The Circular Slide Rule. 
Written by Ira Ritow, whose previous- 
ly published work in ELerctricaL 
MANUFACTURING includes “Capsule 
Calculus.” $1.00 
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ACTUAL SIZE 


This is the actual size of Heinemann’s new 


sub-miniature circuit breaker, the SM3. Her- 
metic seal and all, it weighs no more than a 
bantam 2.1 ounces. It is magnetically actu- 
ated, therefore does not require de-rating for 
high ambient temperatures. In fact, under ex- 
tensive environment-testing, the breaker has 
demonstrated excellent all-around operational 
stability. It will function properly on the 
tundra or in the tropics, will withstand the on- 


slaughts of salt-sea atmosphere, sand, dust 
and high humidity. The SM3 is available to 


HEINEMANN ELECTRIC COMPANY, 


your specifications in any integral or fractional 
current rating from 0.050 to 10 amperes, at 
110V, either 60 or 400 cycles AC, or 50V DC. 
And you have a choice of either fast or slow 
time delay, so that overload response can be 
matched closely to the operating characteris- 
tics of the protected equipment. If you have 
need of a rugged, compact circuit breaker 
“packaged” to go anywhere, you’d do well to 
give the SM3 some serious consideration. The 
facts and figures are presented for your review 


‘ 


in Bulletin 3502. Write for a copy today. 


99 PLUM ST. TRENTON 2, N.J. 


Circle 186 on page 17 





MISSILE AND 
OTHER MILITARY RELAYS 


SMALL RELAYS 


GENERAL PURPOSE RELAYS 


INDUSTRIAL CONTROL 
RELAYS 


Whether you need one relay or 
thousands... 


Whether you need them for design, 


production or maintenance uses . . . 


Chances are better than 4 out of 5 
that Strutners-Dunn can meet your 
requirements “on the nose” . . . with 
standard types fully proved in years 
of exacting field service. The reasons 
are simple: Struthers-Dunn makes 


Member, National Association of Relay Manufacturers 


STRUTHERS-DUNN 


Relay headquarters 


SENSITIVE RELAYS 


TIMING UNITS 


ECONOMY CONTACTORS 


SEQUENCE RELAYS 


more relay types for more applica- 
tions than any other manufacturer. 
And S-D has specialized in relays 
exclusively for over 40 years. 


Write for Quick Guide Catalog J. 
Better yet, send details of your re- 
quirements for relay recommenda- 
tion. Address: STRUTHERS. 
DUNN, Inc., PITMAN, N. J. 


Sales Engineering offices in: Atianta - Boston + Buffalo « Charlotte + Chicago + Cincinnati + Cleveland . Dallas « Dayton « Detroit 


Kansas City « Los Angeles « 


Montreal « New Orleans + New York + Pittsburgh «+ 


St. Louis + San Francisco + Seattle » Toronto 
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Casting Resins and Application Tech- 
niques, 52 pages. Eight previously 
published articles dealing with the 
embedment, encapsulation, and im- 
pregnation of circuit units and 
components. Individual articles cover: 
property data on casting resins; eval- 
uation tests on resin systems; results of 
environmental tests on embedded 
units; process control problems. An- 
notated bibliography of articles is in- 
cluded. $2.00 


you will find 
on page 190 a 
Handy Order Form 
for ordering any 
(or all) 
of the foregoing 


REPRINTS 


Plus or Minus 


(Continued from page 16) 


tems to use standard compo- 
nents whenever possible. 
A greater knowledge of systems 
engineers’ needs on the part of 
component designers so that they 
can test their products for the 
dynamic characteristics that a 
systems designer must know, 
and can then publish these data 
in a consistent and directly us- 
able form. 

When designers can 
think of themselves as subsystems de- 
signers, and systems designers can think 
of themselves as components applica- 
tion engineers, the “technical and emo- 
tional gap” will have been filled. Only 
then will we have true “black boxes” 
that the components manufacturers can 
build as standard stock items for the 
systems people to drop into their block 
diagrams with confidence and without 
modification. 

We earnestly commend the Compo- 
nents Specifications Subcommittee for 
their work in bringing system and com- 
ponents designers together to solve 
their common problems. We hope more 
will join in their efforts. —wW. A. 


components 
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Quick Break Switch 


The starting winding is disconnected 
from the line by this Wagner designed 
switch... test proved to make more than 
a million breaks. (That adds up to two 
starts per hour for 50 years!) 


Quick Connect Terminals 


Brass tabs on terminal studs permit 
quick, easy connection of leads... cut 
wiring time to speed assembly line pro- 
duction. Simply press the lead receptacle 
on to the stud—a positive connection 
is assured. 


All-Angle Operation 


The sleeve bearing design, in fractional 
hp ratings, has a positive lubrication 
system that permits operation in any 
position ...can mean important savings 
in motor costs to manufacturers. 


RESILIENT- MOUNT 
Ve THRU 5 H.P 
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NO STARTING PROBLEMS 


with 


WAGNER CAPACITOR-START MOTORS 


Pack more power into less space...give long 
troublefree service...are easy to hook up 


Here are general purpose single-phase motors that have high starting torque and 
high pull-in torque. When used in the proper application and supplied with voltage 
close to their rating, they'll give positive starts every time. Troublefree operation 
is assured... thanks to the positive action of the Wagner governor mechanism 
and long life quick-break switch. 

Wagner Type RK Motors pack more power into less space. Small enough to fit 
in tight spots, their ruggedness is built-in... permits direct mounting. They are 
available in a range from % through 5 horsepower, with sleeve or ball bearings, 
and with rigid bases or resilient mountings. And, sleeve bearing fhp models can 
be operated in any position. 

Get these motors from leading distributors in your city, or from Wagner Sales 
Offices in 32 cities across the country. Your Wagner Sales Engineer will be glad 
to help you select the right motor for your application. Wagner Bulletin MU-217 
gives Pall details on Capacitor-Start Motors. 


Wagner Electric Corporation 


6454 Plymouth Avenue, St. Louis 33, Missouri 


RIGID BASE 
Y% THRU 5 H.P 
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FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 
bers listed at the end of items on the Reader 
Inquiry Service postcards, pages 17 and 19. 


Literature 
for the 


All-new listings of manufacturer's literature just off the press . . 


including catalogs, manuals and other reference publications relat- 


ing to components and materials for designed-in use in electrically 


energized end products. 


PULSE TRANSFORMER DESIGN 
AND USE 


“Design and Usage of Miniature Pulse 
lransformers” is an 18-page catalog 
which covers history of low-level pulse 
chief 


compared to other transformer types. 


transformers, their differences 
methods of measurement and theory of 
application. Also included is data on 
pulse transformer equivalent circuits, 
transformer polarization, methods of 
degaussing a core, and manufacturing 
procedures. Manufacturer's transform- 
ers of standard design are listed to- 
gether with their circuit diagrams, pulse 
width charts, electrical specifications, 
and case types. PCA Electronics, Inc. 


Circle number 632 on page 17 


FERROUS METALLURGY GUIDE 


Four-color 8'5 x 11 in. sheet presents 
the principal characteristics of steels 
(with carbon content ranging to 0.9 
per cent) across the temperature range 
to 2900 F. Important working zones, in- 
cluding preheating for welding, stress 
relieving, normalizing, annealing, car- 
burizing and forging are shown. At the 
right of the chart, 24 common metal- 
lurgical terms are defined and _ ex- 
plained. Diagram symbolizing change in 
grain size with temperature appears at 
left of chart. Tempil Corp. 

Circle number 633 on page 17 


REPORT ON INFRARED RESEARCH 

Fourth in a series of infrared “progress 
reports,” 10 pages, has been published. 
Report describes three types of glass 
which have been specifically developed 


200 


for refractive systems. In addition to in 
formation of progress at engineering 
levels, the publication includes data on 
laboratory processes and availability of 
infrared items being manufactured. 
Earlier reports dealt with IR filters and 
transmitting materials for windows and 
domes. Military Sales Dept., Bausch & 
Lomb Optical Co. 

Circle number 634 on page 17 


WIRE AND STRIP 
COMPONENT HANDBOOK 
handbook 
case studies of the use of wire and 
strip metal components in product de- 
sign. Also describes major types of 


Iwenty-two page contains 


wire available for component construc- 
tion, popular finishes, wire sizes and 
variety of end treatments, threading 
and forming operations possible. Cus- 
tom Design Dept., E. H. Titchener & Co. 

Circle number 635 on page 17 


SCIENTIFIC AND TEST 
INSTRUMENT CATALOG 


Forty-eight pages of instruments for 
scientific measurement, recording and 
testing are found in Catalog G-10. Brief 
description, typical illustration, salient 
specifications, and reference for addi- 
tional information are given for each 
family of instruments. Catalog includes 
d-c amplifiers, data-handling systems, 
laboratory and calibration instruments, 
magnetic tape instrumentation, oscil- 
lographs, recorders and indicators, servo 
temperature 
and transducers. 
well Regulator Co. 
Circle number 636 on page 17 


controllers 
Minneapolis-Honey- 


components, 


PHASE GENERATOR 
Technical Bulletin of eight pages con- 
tains data on a 360-deg phase shifter 
employing a synchro resolver, resistors 
and capacitors. Passive generator pro- 
vides continuous phase shift of car- 
rier without amplitude change and is 
intended to be used as single-frequency 
phase meter, reference for demodulator 
circuits and position-phase transducer. 
Bulletin provides information and sche- 
matic diagrams on applications. Theta 
Instrument Corp. 

Circle number 637 on page 17 


VISCOUS-COUPLED INERTIA DAMPER 
Engineering Bulletin 120 features in- 
formation on a servo damper for use 
in applications requiring high-velocity 
and high-torque constants with good 
stability. Damper is available in models 
with diameter of 1.52 or 1.79 in. and 
with ten time constants from 0.02 to 
1.20 see. Feedback Controls, Inc. 

Circle number 638 on page 17 


TRANSISTOR TRANSFORMERS 


Wide-band transformer Bulletin 64 con- 
tains 18 pages of data on 1-watt and 
14-watt coupling transformers. Turns 
ratios from 1:1 to 1:10 with either ot 
both windings center-tapped are offered. 
Operating temperature is —55 to +-105 
C. Aladdin Electronics. 

Circle number 639 on page 17 


YTTRIUM-IRON GARNET GROWTH 
Industrial Crystals Bulletin, discussing 
single-crystal growth of YIG, consists 
of 12 pages. YIG is of interest in solid- 
state amplifiers. Bulletin is entitled 
“Growth of Single Crystals of Incon- 
gruently Melting Yttrium-Iron Garnet 
by the Flame Fusion Process.” Linde 
Co., Div. of Union Carbide Corp. 

Circle number 640 on page 17 


QUARTZ CRYSTAL OVEN 
Single data sheet reviews features of 
an oven for one or two HC-6/U crystals. 
Oven maintains temperature to +1 deg 
C over 100 C ambient range. Federated 
Electronics, Inc. 

Circle number 641 on page 17 


RECORDING CHART PAPER 
A heat-sensitive recording paper is the 
subject of a four-page brochure. Paper 
is supplied in opaque and translucent 
grades for direct-readout and for re- 
production of original traces. Nashua 
Corp., Chart Paper Sales Div. 

Circle number 642 on page 17 


METALS PRODUCTS BROCHURE 


Solid and ciad base metals, solid and 
clad precious metals, thermostat metals, 
electrical contacts, profile rolled strip, 
manganese age-hardening alloys, cop- 
per-cored glass sealing alloy wires, 
solid and clad reactor metals, clad 
metals for semiconductor applications 
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1 KW 400 cps 


NEW! 


UNIVERSAL 
POWER 
CONTROL 


UTILIZING MAGNETIC AMPLIFIERS GATING 


SILICON CONTROLLED RECTIFIERS 


for military and industrial control of 60/400 cps AC or DC power 
200 watts to 3 kilowatts 


Universal Power Control Units 


FIVE CONTROL SYSTEM TYPES AVAILABLE- FOR 60 AND 400 CPS SYSTEMS 


*Satisfy 95% of basic power control requirements eR hed ol a OR 


SYSTEMS MODEL" TYPE celta ths | SYSTEMS MODEL* 
CONTROL SYSTEM TYPE |—Provides full wave single ended 
output. Controls power to AC or DC loads. 


CONTROL SYSTEM TYPE Il—Provides push-pull two-wire con- 
trol of AC servo motors. 


CONTROL SYSTEM TYPE IIl—Provides push-pull three-wire con- 
trol of AC servo motors. 


CONTROL SYSTEM TYPE IV—Provides reversible DC output for 
control of split field series motors. 


CONTROL SYSTEM TYPE V—Provides reversible DC output for 
control of DC shunt motors. 


*Any of the five control System Types are readily modified to meet special 
requirements. 


APPLICATIONS FOR: LIGHT DIMMING CONTROL * POSITIONING SERVOS 
SPEED CONTROL * TEMPERATURE CONTROL 
VOLTAGE/CURRENT REGULATION 


Descriptive Brochure, Bulletin S-1075 upon request. 
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Inquires invited—Engineering conferences at your or our facilities write, wire or call— 


MAGNETIC AMPLIFIERS, INC. 


632 TINTON AVENUE 136-140 KANSAS STREET 


NEW YORK SS, N.Y. EL SEGUNDO, CALIFORNIA 
CYPRESS 2-6610 OREGON 8-2665 
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and aluminum-iron alloys are briefly 
described in 10-page product bulletin, 
third edition. Texas Instruments, Inc., 
Metals & Controls Div. 

Circle number 643 on page 17 


MINIATURE TAPE RECORDER 


Four-page bulletin contains information 
regarding a two-channel recorder in- 
tended for applications where small 
size and low power consumption are 
major considerations. Weight is 2 lb; 
size, 5 x 4x 2 in. complete. Power re- 
quirements are 2% watts d-c. Unit 
includes electronics for record and re- 
produce and timing reference source. 
Recorder operates at any tape speed to 
48 ips, bi-directional, with end-of-tape 
sensing. Frequency response is to 160 
ke, +3 db at 48 ips. Recorder employs 
4-in. stacked reels which hold 900 ft 
of 4%-mil thick, 44-in. tape. Precision 
Instrument Co. 


Circle number 644 on page 17 


ENGINEERING DRAWING 
REPRODUCTION FILMS 


Four-page folder describing reproduc- 
tion films is available. Folder presents 
technical and processing information. 
Films are on polyester base and are in- 
tended for photographic reproduction 
of engineering layouts, drawings and 
renderings. They may be used to make 


A lot at stake ? 


reproducible negative or positive inter- 
mediates. Di-Noc Chemical Arts, Inc. 
Circle number 645 on page 17 


BIMETALLIC CASTING 


Brochure considers a method of metal- 
lurgically bonding dissimilar metals by 
the manufacturer’s process. Molecular 
uniting of aluminum to ferrous metals, 
nickel, titanium, etc. may be applied 
to many products. Brochure contains 
illustrations of various bonded bimetal- 
lic applications. Also included are basic 
engineering data. Bimetallic 
construction may be applied to design 
problems involving heat transfer, join- 
ing, bearing surfaces, abrasion and 
wear resistance, weight saving, cost re- 
duction, or oxidation resistance. Arthur 
Tickle Engineering Works. Inc. 

Circle number 646 on page 17 


design 


TRANSISTOR TRANSFORMERS 


Miniature rectifier and audio trans- 
formers are briefly on a 
single-page data sheet. Rectifier trans- 
formers deliver 


described 


low-voltage d-c for 
transistor circuits when used in full- 
wave or bridge circuits. Transformers 
operate with input voltage of 115 volts 
a-c for 60 or 400 cps and meet MIL.-T- 
27 Class R, Grade 4, Family 02 condi- 
tions. Audio transformers are wound to 
match impedances of particular transis- 


tor. Ferrotran Electronics Co., Inc. 


Circle number 647 on page 17 


MINIATURE TAPE READER SET 
Four-page applications brochure de- 
scribes Model 28 set for tape-reading 
applications including tape-operated of- 
fice or factory machines. Models may be 
had to read 5- or 6-level chadless or 
fully perforated tape. Components of 
set, such as the transmitter-distributor 
portion, are available separately for 
integration with systems equipment. 
Tape reader features facilities for se- 
quential (serial) output and 100 wpm 
transmission. Teletype Corp. 

Circle number 648 on page 17. 


DECADE COUNTER 


Type 4XD decade counter (described in 
one-page Bulletin C-45) is a plug-in, 
solid-state, high-speed computer ele- 
ment consisting of four binary flip-flops 
and a transistor gate which resets the 
unit as the tenth count is received. Out- 
puts are in standard 1-2-4-8 binary code. 
Both outputs from each flip-flop are 
available. Counter may be preset manu- 
ally or electronically to any given num- 
ber before or after actual counting. 
Ransom Research. 

Circle number 649 on page 17 


TRANSISTORS AND DIODES 
Series of data sheets provides informa- 


depend on 


Nite 


mercury to mercury relays 


Surgical lighting control, 
X-ray control, wherever 
foolproof performance is 
important, depend on re- 
lays that can't burn, pit or 
stick. Depend on mer- 
cury-to-mercury contacts 
of Adlake, rated A+ for 
design and construction. 
The Adams & Westlake 
Company, Elkhart, Indi- 
ana. Original and Largest 
Manufacturer of Plunger- 
type Relays. 

Mlustrated—1101 type with 
normally closed contacts. 
SEND TODAY FOR 
FREE CATALOG 
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Designed | <a 
er a are YOU CAN RELY XQ ON OUR 


DESIGN - ENGIN 


SERVICE. “@&\ EXTENSIVE 


CURTIS 
Type “H” Terminal Blocks 


Conservatively rated at 75 amperes, 
750 volts, the Type ““H” is of famous a Qn 
Curtis built-up design and available exis DEPENDA BLE PR OME I 
(factory assembled) in any number of 

terminals from 1 to 30. It features Cortie 
high pressure solderless connectors 
for quick, low resistance connections 


Accommodates AWG No. 12 to No. 4 co | DELIVERY SC 


‘PRODUCTION FACILITIES 


wire inclusive. 
Ask for Bulletin DS-120. 
Also learn about wide selection of 


other Curtis Terminal Blocks. ra | WHEN YOU ORDER 


eS NATIONAL LOCK 





FASTENERS AND 


F INS ee F COLD-HEADEDWAPRODUCTS, 


AND 


BLOWERS |... ev... | STANDARD OR sPEcIAL. 


wiveel. With filter ‘for radio 
to cool the tough ones noise suppression. Military 


; ; or commercial  specifica- 
When modern design requires cool- tions. Motors 6 to 220 volt 


ing, it means fast, efficient cooling 
—with minimum weight addition. aaa a a “ate 
Heinz Mueller fans and blowers Blowers from 2 to 200 
have shown outstanding ability to C.F.M. with 1” to 4” 
meet military specifications for per- wheels 
formance and extreme durability. . 
Now, these same characteristics are 
also available for commercial ap- 
. wherever precision is 





Call a Heinz Mueller engineer for 
design help on the ‘‘tough ones.’ 
We've already solved something 
close to the problem you're facing 
now. 


METAL FAN TUNNEL FAN 
BLADES Weighs only 14 2. but de- 
2” to 5 livers 150 C.F at 3100 
diam. Sizes fan. - suppl 
Aluminum or steel. 2 . * ue to a. . F.M. wit 


Fans can be furnished with 10” 

plain hole, metal hub or rubber Sal — Mini oan precision 
grommet. design delivers 20 C.F.M. at 
Maximum air movement. Mini- 10,0) R.P.M. 2” Sis ‘10- 
mum horsepower requirement. blade fan. Motor 27.5 voit 
Maximum air quietness. D.C. Weight 4 oz. 


HEINZ MUELLER “srs? 1(),9) NATIONAL LOCK COMPANY 


COMPANY ROCKFORD, ILLINOIS 
1906 N. Cicero Ave., Chicago, Illinois FASTENER DIVISION 
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(EIA 


standard types and special types) as 


tion regarding silicon diodes 
well as n-p-n silicon mesa transistors of 


medium power and high speed for 
switching applications. Diode types are 
low leakage, general purpose, high con- 


ductance and switching computer. 
Kheem Semiconductor Corp. 


Circle number 650 on page 17 


INDUSTRIAL SOLENOIDS 


This general catalog lists various types 
and sizes of solenoids in models such 
as push-pull, oil-immersed, a-c and d- 
units. Twenty-six pages present speci- 
fications, outline drawings, photographs 
and information on coil identification. 
Detroit Coil Co. 


Circle number 651 on page 17 


ANALOG-TO-DIGITAL CONVERTER 

Four-page folder describes device de- 
signed for heavy-duty continuous oper- 
ation in industrial applications. Elec- 
tromechanical converter retains last 
reading to allow real-time readings in 
process variables. Output code contacts 
rated 1 amp at 60 volts d-c. Readout 
may be made while input shaft is turn- 


ing up to 250 rpm. Resolution of input 


information, 0.5 ppm; reading rate, 2 
per sec, Output codes may be decimal, 
binary, modified binary, binary decimal, 


Gray. 5-, 6-, 7- or 8-bit. Telechrome 


ANNEALED TIN- 
PLATED BRASS SLEEVE 


NYLON SLEEVE 


Manufacturing Corp., Automation D’y. 
Circle number 652 on page 17 


APPLICATIONS OF FERRITES 

Booklet “Ferrites for Missile and Ad- 
Applications,” 19 
is an excellent presentation of 


vanced Electronics 
pages, 
subjects: 


material on the following 


Microwave Application of Ferrites, 
Typical Ferrite Applications, 
tion of Ferrites as Stators and Rotors of 
Motors, Various Magnetostrictive Ap- 
plications, Mechanical Filter Details, 
and Ferrites for Traveling Wave Tubes. 
Kearfott Co., Inc. 

Circle number 653 on page 17 


A pplica- 


BRONZE-GCOLD VINYL COLORANTS 

lechnical Bulletin 497, two pages, gives 
recommendations for obtaining opti- 
mum stability of the manufacturer's 
colorants in vinyl compounds. Factors 
burnout during 


tarnishing and greening. 


discussed are com- 
pounding, 
Claremount Pigment Dispersion Corp. 


Circle number 654 on page 17 


STRAIN-GAGE CONTROL UNIT 

Preliminary data sheet lists specifica- 
tions of a combination power supply 
and bridge control unit. Shunt calibra- 
tion provided at four points. Control 
unit may be used in ungrounded ap- 
plications and requires external output 


AVIKRIMP* solderless terminals 


... the ultimate in high-performance design 


indicator. Owen Laboratories. Inc. 


Circle number 655 on page 17 


COLD HEADING SCREW PRODUCTS 

Four-page brochure regarding custom 
cold heading describes facilities, stand- 
finishes and 
National 


ard fasteners, materials, 
typical secondary operations. 
Lock Co., Fastener Div. 

Circle number 656 on page 17 


MOTOR-SPEED REDUCERS 


Supplement 3100.01 contains data on 
integral-hp reducers with ratings from 
one through 75 hp and speeds from one 
through 520 rpm. Data for calculating 
overhung load on low-speed shaft in- 
cluded. Falk Corp. 

Circle number 657 on page 17 


THERMOSTATIC BIMETAL 
In 40 pages, this booklet provides brief 
information on bimetal 
Properties of various compositions are 
listed in tabular form, formulas used 
for calculating dimensions of bimetal 
elements are given and other engineer- 
ing data are presented. W. M. Chace Co. 
Circle number 658 on page 17 


applications. 


TEFLON TERMINALS 

Four-page bulletin illustrates terminals 
with diameters from 1%4 to % in. 
Head styles are turret. slotted, double 
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KANTHAL SUPER 


Unique molybdenum disilicide furnace 
elements outlast silicon carbide at least 
four to one above 2700°F, saving sub- 
stantially on down-time. For continu- 
ous or intermittent operation in oxidiz- 
ing and most protective atmospheres. 
Elements operate to 3100°F (1700°C) 
when freely suspended or to 2900°F 
(1600°C) when supported horizontally. 


Kanthal Super does not age, and tem- 
peratures can be held without com- 
pensating adjustments 


HUMP 


SHOWS EN 
OF BARREL 


TO 


YOUR CRIMP 


*Trade Mark 


GUIDE 


Permanently attached brass sleeve 

adds extra barrel strength and 

permanently anchors the wire in- 
D sulation to the terminal for full 
protection against stress and vi- 
bration. Extending beyond the brass 
sleeve is a permanently attached 
NYLON sleeve—no other insulation 
needed. All tongue types. Color- 
coded for wire range. Write today 
for samples, prices. 


ETC INCORPORATED 
990 East 67th Street, Cleveland 3, Ohio 


Circle 192 on page 17 
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Kanthal Super elements are available 
separately and in furnaces from all 
prominent manufacturers. Write for 
list and brochure today. 


THE heuer CORPORATION 


3 Amelia Pl., Stamford, Conn. 


Can. Rep., Ferro Enamels, Ont., Can. 
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CONTACT 
QUALITY 


All Deringer contacts are 100% 
guaranteed to meet all specifica- 
tions. Frequent inspection dur- 
ing production and thorough 
final inspection make this 100% 
guarantee possible. 


and expanded services include 
silver cadmium oxide contacts, 
precious metal stampings, weld- 
ing and staking assemblies, 
many secondary operations, etc. 


DELIVERY 


PRICE 


faster than others can process 
an order. When speed is im- 
portant, specify Deringer. 


All Deringer contacts are com- 
petitively priced. You pay no 
premium for the Deringer 100% 
quality guarantee and faster de- 
livery. 


CONTACT CATALOGS 


FREE ...write today. 300 
standard size contacts are listed 
plus valuable information re- 
garding precious metals, special 
contacts, etc. 


DERINGER 


Metallurgical Corporation 
8131 Monticello Ave., Skokie 6, Ill. 
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For high-s 
stripping o 


y 


ed production 
most types of 
single conductors, solid or 
stranded wire up to a maxi- 
mum of 3/8” outside diameter. 


PRODUCTION 
WIRE STRIPPERS 


Meet More Needs — 
Solve More Problems 


IDEAL Production Strippers are generally 
known as “the fastest on the market.” What- 
ever your needs, even if you don’t consider 
them problems, an IDEAL Stripper will give 
you better work, faster and cheaper! Below 
is solid evidence — a condensed list of wire 
stripping needs that IDEAL Strippers are 
called upon to fill every day: 


R, RF, CF, AF, Radio Hook-Up, Lead-In 
Wires, etc., up to 7/16” in diameter .. . 
Any cotton, silk, synthetic (plastic) insula- 
tion or rubber coverings from fine stranded 
or solid conductors up to 7/16” in diameter 
. . » Plus most types of Film Insulated Wire 
(AWG #50 to AWG #0) as close as 
Ye" from the body of the winding or coil 
form. 


Shown are just two widely used models. Six 
other models and types are also available for 
any degree of specialized stripping you need. 
We'll be glad to “prescribe” — see below. 


TWIN CONE TYPE 


_ 


Quicker, cleaner stripping of 

1 types of film insulation. 
Wire size AWG #50 to #25. 
REPLACEMENT WHEELS: 
IDEAL offers top quality at 
less cost per pair than the 
average of other good quality 
wheels. 


FREE CONSULTING SERVICE 

— SEND US SAMPLES OF YOUR WIRE 

We'll put your wire samples through our Test Laboratory and 
return them to you with a written report, showing you our 
findings as to the best type and model IDEAL Stripper to meet 
your needs most exactly. Send us your samples now. 


Sold through America’s Leading Distributors 
In Canada: Irving Smith, Ltd. Montreal 


IDEAL INDUSTRIES, Inc. 


1008-A Park Avenue, Sycamore, Illinois 
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and single lug. Height ranges from 64 
to %4 in. above mounting panels. Ter- 
minals are assembled by means of eye- 
let and rivet conductors and sealed 
with silicone rubber. Compression seals 
in L-3 Steatite also available. Sphere 
4 “A... Inc . 
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ADHESIVE PRODUCTS 

Folder describes a series of adhesives 
for bonding polyurethane, latex and 
polystyrene foams, metals, wood, poly- 
ethylene, butyrate and vinyl as well as 
contact cements. Adhesive 
Products Corp. 
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assorted 


MAGNETIC TAPE TENSIOMETER 
Three-page brochure describes a test 
instrument which allows measurement 
and recording of transient and steady- 
state tensions applied to magnetic tape 
by transport mechanisms. Useful dy- 
namic range exceeds 60 db. Minimum 
running tension measurable, 0.01 oz. 
General Kinetics, Inc. 
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LIMIT STOP AND ELECTRICAL 
GENERATOR 

Bulletins MS-100 and G-100 are single 
pages, each devoted to a mechanical 
limit stop and an electrical variable- 


speed governor, respectively. Stop is 
Size 10 unit with adjustable ranges of 
0 to 10 or 0 to 40 rey. Governors with 
Size 18 housing are offered for control- 
ling either a-c or d-c motors. Dynex, Inc. 
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MINIATURE AND INSTRUMENT 
BEARINGS 
Design manual includes specific data 
on bearing types and sizes available 
plus 22 engineering bulletins on sub- 
jects such as static and dynamic load 
ratings, nature of bearing materials, 
radial runout, contact angle, radial play, 
ball rolling speed, functional tests for 
instrument ball bearings and meaning 
of ABEC tolerances. Bulletins each 
range from two to 24 pages in length. 
Last page contains load nomograph. 
New Hampshire Ball Bearings, Inc. 
Circle number 663 on page 17 


HERMETIC COMPRESSION TERMINALS 
Bulletin TCT-59-102, 6 pages, presents 
specifications, outlines, and a general 
description of single-lead compression 
terminals. Numerous terminals listed 
are manufacturer’s standard hermeti- 
cally sealed units with voltage ratings 
of 700 to 3850 volts rms. Electrical 
Industries. 
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MOLDED PLASTICS PRODUCTS 


Catalog 01.000.3 contains four pages 
listing and illustrating typical compres- 
sion and transfer moldings produced by 
The Richardson Co. 
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METAL HOUSINGS 
Standard racks, cabinets, 
chassis and panels are described in 
Catalog 600. Other contents of catalog 
include console pedestal frames and 
panels, sloping-front cabinets, meter 
cases, amplifier foundations and utility 
cases. Premier Metal Products Co. 
Circle number 666 on page 17 


consoles, 


SPRING-LOADED PULLEYS 


Pulleys and two adjustable motor bases 
for both fixed and varying centers are 
described and illustrated in four-page 
Bulletin SL-1. Pulleys are for motors 
from % to 1 hp. Service Div., Maurey 
Mfg. Corp. 

Circle number 667 on page 17 


NYLON SHAPES 


Eight-page brochure gives data on nylon 
stock shapes which includes “6” and 
“101” types. Physical properties of four 
available grades are charted. Available 
sizes for nylon rod, plate, sheet, strip 
and tubing are listed and typical appli- 
cations are illustrated. Data on mois- 


Dennison Industrial Crepe Paper 
pruves best in these applications 


As field coil insulation 
generators and fractional horsepower motors, Dennison 
Crepe Paper Tape costs about 40% less than varnished 


cotton. It stretches to shape. . 
reduces likelihood of grounds... 


... prevents voids... 


in automobile starters and 


. hugs corners and leads 


often eliminates need for varnishing and baking. 


As armature or phase insulation for automobile 
starters and generators and fractional horsepower motors, 
Dennison Crepe Paper Tape is replacing varnished or 
plain cloth, varnished cambric, rag and fish paper, coarse 
secondary and mill crepe. It costs less per pound than 
cloth and cambric. It eliminates need for crescent-shaped 
strips and cupped washers. No skeleton waste. 


As transformer insulation in oil-filled units of all types 
. power, distribution, regulator instrument and 


potential transformers . . 


. Dennison Industrial Crepe, 


in tape or sheet form, is used for a great variety of 
insulation jobs. Its lower cost, lack of contamination, 
high dielectric coupled with high tensile strength, edge 
tear resistance and stretchability make it the ideal 
replacement for any Class A material now used. 


Investigate! Dennison Crepe Paper Tape, made of 
saturating and high-density grades of electrical kraft 
comes in a wide range of stretches, widths and thicknesses 

. and dielectric strengths up to 1500 volts. 

Write for complete data today. 


® 


Helping you compete 
more effectively 


MANUFACTURING COMPANY 
Framingham, Mass. * Drummondville, Quebec + Offices in Principal Cities 
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design, purchasing, production men... 


here’s why you’re 
Sel aT 


VaAd 
Dae 


aA) 
Headless Slotted 


SET SCREWS 


Design — there’s a Moore Set Screw ex- 
actly right to meet your specs. On new 
developments or on hard-to-solve prob- 
lems we have experienced men to sup- 
ply the answers. 
ir 

eae Purchasing — you can depend on us, 
without question, to meet your sched- 
ules. Your reputation is backed up by 
our reputation of 80 years of depend- 
able service. 


Production — our inspection guarantees 
conformity and uniformity. Your as- 
sembly lines run smoothly and quality 
control is simplified. 


Socket Head 


Moore Set Screws simplify design, purchasing, production. 
Send for detailed price catalog. 


| SOLO? : 8 3 George W. Moore, Inc. 


since 1880 
A 85 Beaver St., Waltham 54, Mass. 
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PHOTOENGRAVED 


CIRCUITS 


The Proven Process for Top Reliability 
&) APPROVED 
CLEVELAND METAL SPECIALTIES 


EAST 2 ee aaa 5 aa ae aD ‘ H 


CC: 
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. Electrical Coil Windings 


For 43 years . . . specializing in all types of 
coils to customers’ specifications. Design or 


engineering assistance available on request. 


COTO-COIL CO., INC. 


SINCE 1917 


63 Pavilion Avenue Providence 5, Rhode Island 
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Greater 


Holding Power! 





Tortie 
More Uniform 


Plt bie etl 


Careful engineering and strict quality controls give 


ELECTRIX Terminals greater holding power in use. 


ELECTRIX Terminals meet and surpass rigid elec- 
trical and physical characteristic tests. Tolerances, 
especially at critical crimping points, are precisely 
uniform. Supplied in continuous strip form for use 
in dependable Electrix Automatic Attaching 
Machines, Electrix Terminals offer easier, more 


economical assembly. 


Electrix competitive prices 
save you money. 


Extremely wide range of types, sizes and finishes. 


Electrix 
Corporation 


ASHTON 


RHODE ISLAND 
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ture conditioning, machining, bonding 
and welding and coloring are given. 
Cadillac Plastic & Chemical Co. 
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GAMMA-RAY SPECTROMETER 


Technical Brochure 3029-9 on a print- 
and-plot spectrometer describes Model 
ASP-1ADR automatic spectrometer with 
analog and digital readouts. Four-page 
illustrated brochure gives detailed per- 
formance and specification data. Vic- 
toreen Instrument Co. 
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MOMENTARY-CONTACT TIME 
SWITCH 


Time switch. developed for direct con- 
trol of mechanically held contactors 
and low-voltage lighting systems, is 
described in Bulletin 257P. SPDT unit 
provides a 3- to 5-se¢ pulse for ON 
Model MC has one 


dial; ON-OFF times are set by placing 


or OFF switching. 


trippers at times on the dial when 
Schedules that 
may be set are 24hr dial and astro- 
nomic dial. Skip-A-Day accessory op- 
tional with either. Tork Time Controls, 


switching is desired. 
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WET-SLUG TANTALUM CAPACITORS 
Bulletin GEA-7008, 4 pages, provides 


detailed information about 


sintered porous-anode capacitors used 


wet-ty pe, 


where high capacitance values are re- 
quired in small space. Publication in- 
cludes tables, graphs, outline drawings, 
ratings and dimensions. General Elec- 
tric Co. 
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GRAVITY-SENSITIVE SWITCH 
Series 29000 seismic switches are de- 
scribed in one-page bulletin. Switches 
are designed to sense any pattern of ac- 
celerations occuring in, for example, a 
missile. Ambient 
10 to +-250 F. 
| amp d-c resistive. Leakage resistance, 


temperature range, 


Current capacity, 


250 megohms min. Size, 1 in. OD x 114 
in. high overall. Aerodyne Controls 
Corp. 
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MILITARY COMPONENTS CATALOG 


Catalog 50 includes products such as 
fixed and adjustable power resistors, 
precision resistors, rheostats, tantalum 
capacitors and relays covered respec- 
tively by military specifications MIL-R- 
26, MIL-R-22, MIL-R-19365, MIL-93, 
MIL-9444, MIL-R-10509, MIL-R-19074, 
MIL-R-6749, MIL-R-6274, MIL-R-3965, 
MIL-R-5757 and MIL-R-6106. Type 
designations for each military specifica- 
tion are explained in a graphic manner 


and options permitted for each type of 
component are outlined. Assistance in 
composing type designation for a de- 
sired component is given. Book con- 
tains summary charts in introduction 
to each section to permit preliminary 
choice of size and style. With dimen- 
sional drawings and derating graphs. 
Ohmite Manufacturing Co. 

Circle number 673 on page 17 


DIGITAL SUBSYSTEMS LITERATURE 


{ four-page, illustrated folder on func- 
tionally packaged digital subsystems 
been published. Included are _photo- 
graphs and specifications of available 
digital modules such as: forward 
counter, bistable multivibrator exclu- 
sive OR gate, AND gate, Schmitt trigger 
and monostable multivibrator. Servo- 
mechanisms Inc. 
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ELECTRONIC MULTIPLIER 

\ 16-page brochure, describing the MC- 
701 AM/FM multiplier which provides 
dynamic accuracy of +0.05 per cent at 
500 cps, is available. Brochure includes 
description and performance specifica- 
tions of system which provides four- 
quadrant multiplication (or division) of 
input variables. Input summer auto- 
matically provides product X Y or prod- 





PERMANENMTW~PILOT LIGHT 
ia SW, 


“] 


OMNI-GLOW 


ADD GLOW TO THE 
LIFE OF YOUR PRODUCT 


Speed Nut Por «46! 


Stripped & Tinned ~ 


OMNI-GLOW Pilot Lights are 
designed for up to 25,000 
hours of operation—providing 
glow for the life of your 
product. OMNI-GLOW is easily 
attached to panels of any 
thickness by a vibration-proof 
speed nut—combining 
permanent fool-proof mounting 
with production economy. 
Ruggedly constructed to with- 
stand rough duty service, 
OMNI-GLOW is available in a 
variety of styles to meet your 
design requirements. Write 
today for a sample and 
detailed catalog. 


Shown above are some of the many 
Rogan knobs available from 


stock molds. Fast delivery. FROM STOCK MOLDS 


Special shaft holes at nominal cost. eli 
Send for details and catalog. CUSTOM MOLDED 


ROGAN a eee 
BROTHERS Womat, 


8027 N. Monticello * Skokie, Illinois 


Size TL Nylon Body / 
Leod Length—4"s” 


Fast, simple, permanent mounting 
through single 1/2” panel hole. Speed- 
nut supplied for tool-less attachment. 


WRITE FOR COMPLETE TECHNICAL MANUAL 
AND OMNI-GLOW CATALOG... 


Industrial Devices, Inc. 


ae MR ae aM Mae LE LL Ua RO se UeLG [ths EDGEWATER 11, NEW JERSEY 
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JOURNAL OF APPLIED CONTROL DEVICES THAT NEVER WEAR OUT 


For Control Engineers Who Are Wearing Out Before Their Time 


FREEZING A MOLTEN WILL-O’-THE-WISP (to +’ at 2200°F) 


Pittsburgh Plate Glass Company freezes molten 
glass temperatures at 2200°F to within +14° as 
it extrudes fiber glass so fine that 1700 miles of it 
weigh but one pound! How? PPG has selected 
CPM-1 Temperature Controllers made by Hagan 
Chemicals & Controls, Inc. The Hagan systems 
(over 200 of them have been ordered) not only 
set a new order of uniformity for glass fiber 
diameters, but are virtually wear-proof. They 
achieve this doubly profitable result by use of 
static control elements: there are no moving 


entire system! An integral part of the CPM-1 
unit is a CONTROL Switching Reactor with six 
control windings. It receives a proportional sig- 
nal, a reset signal and a rate signal, and provides 
both current limiting and manual control. “Rug- 
ged and able to handle multiple signals, yes,’ 
said Hagan engineers, “but what about sensitiv- 
ity?” When we showed them the switching reac- 
tor’s 2-milliampere windings, there were no more 
questions. However, we'll be happy to answer any 
you may have. 


parts, and only one vacuum tube device in the 


Figure 1. Hagan CPM-1 Temperature Controllers. Square Boxes are CONTROL Switching Reactors. 


ON YOUR BOBBIN, RESET, GO! 


TEMPERATURE & 
CONTROL SIGNA 


SATURABLE 
REACTOR 


PRECISION 
MELTING 
FURNACE 


PRE 
AMPLIFIER 


Figure 2. Schematic Diagram of Fiber 
Glass Furnace Temperature Control. 


HAGAN 
CcPM.-1 
CONTROLLER 
ia 


Fiber glass is pulled through a die in the bottom of a 
“bath tub” of molten glass at more than 3 miles per 
minute. It is wound on a bobbin, and when a “package”’ 
is completed, the operator has 15 seconds to change 
bobbins and restart the operation. There is as much as 
a 15° temperature upset in the system, yet when the 
winder restarts, the controller must reset the tempera- 
ture at 2200° within +14° in the allotted 15 seconds. The 
CONTROL reactor puts out 100 watts at 80 volts, sufficient 
power to drive the saturable reactor ahead of it, and is 
at the instant beck and call of rapid and minute changes 
in signal. The response of the overall Hagan system is 
better than 0.1 seconds at full output. When the first 
tests were run, accuracy of control was found to be even 
better than the +14° anticipated. Should you wish to 
learn more about these satisfactions with static control 
via our switching reactors, we'll be happy to answer your 
request for intimate details. 


STATIC CONTROL: (flexible and standard) 


The function a CONTROL Switching Reactor plays in a 
system (the Hagan Temperature Controller is a telling 
example) is unique. The designer—for process control, 
for machine tool control, for assembly line control, for 
almost any control—can feed a variety of input signals 
into several isolated control windings in each switching 
reactor, and sum them to provide AND, OR, NOT, 
MEMORY and TIME DELAY sequences. The reactor’s 


power switching ratio is 2500:1, with positive snap 
action. Auxiliary hardware is eliminated. Single loads 
up to 300VA are handled with ease—and we've designed 
a standard unit just for the solid state thyratron. Want 
to know who else among the nation’s leaders have joined 
production-smart Pittsburgh Plate Glass in a swing to 
static control? We'll be happy to tell you—and to help 
with your static control ideas. 


yp? Lr ] 2 z 


ips. 


Reliability begins with CONT ROT. 


lia 


A DIVISION OF MAGNETICS. INC. 


JANUARY 1960 


DEPT. EM-79, BUTLER, PENNSYLVANIA 
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uct (X) (¥i + Ye + Ys). Discussion 
of theory of operation is provided. Dia- 
grams show how multiplier can be con- 
verted to perform division and square- 
root functions. Computer Systems, Inc. 
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SEMICONDUCTOR ALLOYS BULLETINS 
Physical 


tin-gold and other semiconductor alloys 


properties of lead-antimony, 
are described in a series of technical 
data sheets. Each data sheet contains 
phase diagram of particular alloy com- 
bination; also description of phase re- 
lationship and crystal structure, alloy 
properties and fabrication possibilities. 


Alpha Metals, Inc. 
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TIME DELAY RELAYS 


Catalog 100, containing data regarding 
commercial and military thermal time 
delay relays, is available. Pre-set time 
delays are 14 to 180 sec. Timing toler- 
ance is +20 per cent for 14 to 5 sec 
and +10 per cent for 5 sec and above. 
All units are hermetically sealed and 
operate in ambients of —55 to +125 C. 
Ortron Electronics Corp. 
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HIGH-Q INDUCTORS 
One-page Catalog Sheet 185 describes 
small toroidal inductors. Typical 1-mh 


complete 
data on 


MINIATURE AGASTAT* 
time / delay / relays 


inductor operating at 40 kc has max Q 
of 240. A 7000-mh inductor has max 
QO of 50 at 2.5 ke. Technical specifica- 
tions and dimensional 
cluded. Series 785 units supplied with 
values from 1 to 7000 mh in useful 
frequency range of 1 to 100 ke. Arnold 
Magnetics Corp. 

Circle number 678 on page 17 


drawings in- 


FILTER DATA SHEETS 


Sheet 601 on high, low, bandpass and 
telemetering filters in custom or stand- 
ard designs lists dimensions, electrical 
characteristics and features of typical 
filter 
pedance and case dimensions of stand- 
ard filters are given. Control Electronics 
Co. 


custom units. Frequency, im- 
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PULSE-WIDTH DISCRIMINATOR 
FILTER 
Six-page technical brochure is avail- 
able on the Mini-Rad Filter, a device 
applicable to a variety of pulse- and 
video-type electronic systems. Included 
are a description of pulse-width dis- 
criminator, applications and character- 
istics. Mini-Rad, Inc. 
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CERAMIC PARTS BULLETIN 
Bulletin 


Technical 59-E, 4 pages, on 


| 


» ¥ 7 
 T 


for standard 
and custom installations, gives data on 
cordierite heater _ plates, 
heater cores and spools, wire carrier 
bushings, small insulators, 
special parts and terminal blocks as 
well as steatite and cordierite ceramic 


Louthan Mfg. Div. of Ferro 


electrical ceramic parts 


refractory 


spacers, 


tubing. 
Corp. 
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DIRECT-READING STRAIN INDICATOR 


Single-page Data Bulletin 107 outlines 
the features and specifications of Model 
DR-20 indicator designed fo 
usé with commercial strain gages and 
strain transducers. Adjustable 
gage factor control from 0.5 to 10 pro- 
sensitivities 2 


strain 
gage 


from 2 
Sensitivity can 
be set to provide a readability of 1 
Strains up to 50,000 
microin./in. can be read directly. By- 
trex Corp. 


vides instrument 


to 100 ypv/v/division. 


microin./in. 
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COMPLEMENTARY POWER 
TRANSISTORS 

Complementary n-p-n and p-n-p power 
transistors in industrial packages are 
described in Bulletin E-360. Types are 
2N1320 through 2N1334 and 2N1078. 
Transistors are in TO-10 and TO-13 
packages. All types have collector cur- 
rent of 3 amps max, large-signal cur- 


s yy 
® 


* i a 
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ELECTRICAL 
PORCELAIN 


Produced to meet 


your 


individual requirements 


This free folder contains complete specs on 24 models of 
the miniature AGASTAT Time Delay Relay for missile, 
aircraft, computer, electronic and industrial applications. 
They’re small as 1-13/16” x 4-7/16” x 14%”, with adjust- 
able timing ranges starting at .030 and as high as 120 


seconds. 


The folder gives operating and environmental specs, 


coil data, contact capacities, dimensions, diagrams of con- 
tact and wiring arrangements. Write: Dept. A33-121. 


iY ELASTIC STOP NUT CORPORATION OF AMERICA 
Elizabeth, New Jersey 
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Send Your Drawings and Specifications to: 


AKRON PORCELAIN CO. 


2725 CORY AVE., AKRON 14, OHIO 
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SEH HMRI 


Cotton Interweave 
Form Wound 
High Temperature 


Encapsulated 
Bobbin 
Paper Interleave 


NY-Talo Mem Zo] ate 
specifications for quotation. 


TRANSFORMERS MADE TO ORDER 


THE DANO ELECTRIC COMPANY 
93 Main Street ¢ Winsted, Conn, 
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OPHAR 


——WAXES 
COMPOUNDS 





Zophar Waxes, resins and compounds 
to impregnate, dip, seal, embed, or pot 
electronic and electrical equipment or 
components of all types, radio, tele- 
vision, etc. 


Cold flows from 100°F. to 285°F. plain 
or fungicidal. 


Special waxes non-cracking at —76°F. 


Let us help you with your engineering 
problems. 
For immediate service contact: 
E. Mayer, Sales Manager 
A. Saunders, Technical Director 
H. Saunders, Chemical Laboratories 


Phone SOuth 8-0907 


>) ZOPHAR MILLS, INc. 
nD ESKOM s 1 tir tt P 
Brooklyn 32, N. Y. 
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LONGER LIFE 
= at full power output 
= if continuous service 


VIP POWER TUBES 
AND RECTIFIERS 


When your power tube and 
rectifier requirements call 
for: 

@ continuous operation 
@ outstanding reliability 
at full power output 
w lowest possible cost 

per tube-hour of 
operation 
it will pay you to check the 
detailed specifications on 
Vacuum Tube Products’ 
dependable, long-life 
Power Tubesand Rectifiers. 


For detailed specifications 
and application information 
on VTP's full line of Power 
Tubes and Rectifiers, write: 
VACUUM TUBE PRODUCTS, 
P.O. Box 90427, Inter- 
national Airport Station, 
Los Angeles 45, Calif. 


For export information, write: 
HUGHES INTERNATIONAL 
Culver City, Calif. 


VTP 7386/C6JA 
Xenon Thyratron 


Peak plate current: 
100 amps. 
Triggering voltage: 
—3.0 to —7.5 v DC 
with max. forward 
voltage on plate of 
1000 v. Max. 


frequency: 440 cps. 


TRIODE POWER TUBE (VTP 254W) 


Ruggedized, heavy-duty design for extra- 
long life in continuous operation on 
applications such as: mobile and base 
Station emergency equipment, trans- 
portation systems, radio beacons. In 
mobile radio equipment, serves as 
power oscillator, frequency doubler, 
power amplifier or modulator. Fre- 
quency: 30 mc at 500 W—extendable to 
200 mc at reduced power. 


VTP 705 WA 


Ruggedized, half- 
wave, high-vacuum 
rectifier. Peak 
inverse voltage: 
30,000 v. Current at 
peak inverse voltage: 
100 ma. Static test 
plate voltage at 

300 VDC: 290-440 
ma DC. 


VACUUM TUBE PRODUCTS 


a division of Hughes Aircraft Company 


Oo 
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rent gain of 30 min (collector current 
9.5 amp), and thermal resistance of 3 

Cwatt max. CBS Electronics In- 
lormation Services 
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REINFORCED PLASTICS AT VERY HICH 
TEMPERATURES 


Collection PIB-15, scientific papers on 
the behavior of reinforced plastics, is 
ivailable in a 44-page volume. The 
papers, by scientists at the General 
Electric 


sent detailed theoretical and experi- 


Aerosciences Laboratory, pre- 


mental results on materials investigated 
in connection with the re-eutry prob- 
lem Product Information, General 
Electric Co., Missile and Space Vehicle 
De pl 
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VOLTAGE-REGULATING 
TRANSFORMER 


Data pamphlet of four pages contains 
specifications, outlines and a_ listing 


of various models of a voltage-regulat- 


DIODES AND CAPACITORS 

Catalog U.S.S.-8-59 gives brief descrip- 
tions and basic specifications of the 
complete semiconductor and tantalum 
capacitor line of the company. Zener 
diode 


section lists temperature-com- 


pensated voltage-regulating diodes 
(0.0005 per 


silicon-junction low-power and diffused, 


cent/deg C); alloyed, 


silicon-junction medium- and _high- 
power, plus double-anode diodes. Recti- 
fier section shows alloyed, silicon-junc- 
diffused, sili- 
con-junction medium- and high-power 
rectifiers; and commercial 


tion low-power rectifiers: 


rectifiers. 
One page is given to brief information 
on solid-electrolyte tantalum capacitors. 
U. S. Semiconductor Products. 
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DEFROST CONTROL 


Bulletin 5949, four pages, reviews a 
time-initiated pressure-terminated  de- 
frost control for electric heat and com- 
pressor shut-down defrosting. Series 
8200 control automatically varies de- 


frost period as required, may be set to 


silver-zinc battery system which offers 
manual activation for full power in 
5-30 min. Range of sizes is 0.1 to 200 
amp-hr. Brochure describes electrical 
and physical characteristics, gives ap- 
plication data and includes graphs 
and charts. Yardney Electric Corp. 
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PLUG-IN LIMIT SWITCH 
Model PL100W switches. described in 


specification sheet, incorporate a com- 
pletely sealed plug-in electrical con- 
nection. Switch is furnished with male 
receptacle mounted and wired directly 
to the switch. Cord half of switch is 
female plug and screw collar for at- 
tachment to switch with standard 4-ft. 
length of four-conductor No. 14 neo- 
prene-covered machine tool cable. 
R. B. Denison Manufacturing Co. 
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PRECISION BALL CATALOG 
includes the AFBMA ball 


standards and has a cross reference of 


Catalog 


these standards to the previous ones 


which 
maintains voltage within +3 per cent 


ing plate-filament transformer dated July 1956. It also contains master 


defrost at pre-determined intervals and tahle of ball arades anil tolerances 
‘ all gri é é 


will break circuit to compressor and 
energize heater. Paragon Electric Co. 
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of rated output with line variations 
from 100 to 130 volts. Voltages for 
both plates and filaments are regulated. 
rhree 


power! supply needs. 


Chart in catalog compares various ball 
materials and relative rating for specific 
applications. Balls are manufactured 
of high-carbon chrome alloy, stainless 
steel (440C and 302), K-monel, alumi- 
Technical bulletin, 6 pages, describes a num, brass and bronze, carbon steel, 


standard models cover most 


RE-USABLE PRIMARY BATTERIES 


Raytheon Co. 
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METAL 


TERMINAL 


TAGS 


Entries 
now 
being 
accepted 


1960 


__ {SWIRES MARKED 
Copper and Brass a > DERMANENTLY... 


Achievement Award 


1st prize: $1,000 plus bronze award 


METAL IDENTIFICATION TAGS OF 
EVERY DESCRIPTION FOR MARKING CABLES, 
LEADS, AND GROUPING WIRES... 


TERMINAL TAGS are rapidly replacing obsolete string and paper identi- 
fication methods—they mark the end of identification problems! Made 
of aluminum, steel, brass, or zinc, in a variety of styles and sizes. 
TERMINAL TAGS are easy to apply, and are used in the manufacture 
of aircraft, radios, telephones, motors, generators, etc. They can be 
stamped or embossed to customer specification. 


FREE SAMPLES AND LITERATURE UPON REQUEST 


NATIONAL BAND & TAG CO. 


P.O. Box 9-254, NEWPORT, KY. PHONE COlonia! 1-2035 


The Annual Copper and Brass Achievement Award 
honors the year’s outstanding contribution to advancing 
the use, application or metallurgy of copper, brass, 
bronze or other copper-base alloys. For entry form and 
complete details, write to: COPPER AND BRASS RESEARCH 
ASSOCIATION, 420 Lexington Ave.,New York 17, N. Y. Dept. EM 
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Electronically stops, starts, reverses! 
Controls variable motor speeds! 


IAM ol 
ELECTRONIC CONTROLLER 


with Separate Control Station Component 
and Matching %% h. p. Motor 


Controller, in steel cabinet 14” wide 
x 16” high x 6” deep, is hot when 
outside switch is on. It operates a %4 
h.p. shunt wound motor on 220-230 
volts, 50-60 cycles single phase. 


Control Station Component 
has three simple controls for 
coarse or fine settings. Hous- 
ed in a 2” x 2” x 9” steel box, 
the control station is con- 
nected to controller with a 
10-foot 10-conductor vinyl 
jacketed cable. 


ci.ae | 


C-60 CONTROLLER and 
Motor is 34 h.p. at 2400 rpm with CONTROL STATION 


full torque from 300 rpm, ball bear- f.0.b, $240 
ing shunt wound with interpole, on | Las Vegas, Nev, 

frame J66-type DM by Master Elec- 
tric Co. A 7-foot 4-conductor vinyl % H. P. MOTOR 


jacketed cable comes with motor. f.0.b. $1] 
Motor and controller are operated | Las Vegas, Nev. 
from the control station. 


Sean Longer motor and controller cables supplied on order. 


pad 7) a 18) eee 


1819 Industrial Road, Las Vegas, Nevada 
Circle 215 on page 17 


In Stock for 
Immediate Shipment 


Imported Insulation Materials 
VULCANIZED FIBRE 
HIGH DIELECTRIC KRAFT 


Write for samples of the amazing (400 V.P.M.) 
SWEDISH KRAFT. 


Superior to Rag Paper for many applications 


802 N. Peoria Street 
ha we. 


IIinois 


FOLDING DOUBLE CUPPED WASHER LUGS 


OPEN « FOLDS OVER HERE TO CLOSE . 
GAMES yi, or wirnous 
Insulation Grip— 
Small or Large 
Screw Hole. For 
Standard, Extra 


EASY TO APPLY « NO TOOLS REQUIRED Flexible Strand- 


~< c ingand Solid Wire 


Minneeee KRUEGER & HUDEPOHL, INC. 


URAL LSD dame ee 
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THERMOSTATIC 


TNE aL A 


2 to 180 Seconds 


Actuated by a heater, they operate on 
A.C, D.C, or Pulsating Current. 


Hermetically sealed. Not affected by 
altitude, moisture, or climate changes. 


SPST only—normally open or closed. 


Compensated for ambient temperature 

changes from —55° to +-70° C. Heat- 

ers consume approximately 2 W. and 

4 || may be operated continuously. The units 

H || are rugged, explosion-proof, long- 

| lived, and—inexpensive! 

TYPES: Standard Radio Octal, and 

9- Pin Miniature . . List Price, $4.00. 
Standard Delays 


PROBLEM? Send for 


i ’ 
IS ee NEE Ae es Ae oe os 


der-voltage or under-current protection. 


AMPERITE 


SPUR RY RAUL) 8 


Amperite Regulators are designed to keep the 
current in o circuit automatically regulated 
at a definite value (for example, 0.5 amp.) 
... For currents of 60 ma. to 5 amps. Operate 
on A.C., D.C, or Pulsating Current. 


cS ar 
AMPERITE 


oO . ; 
VOLTAGE OF 24V * with AMPERITE MTL 


s BATTERY 6 CHARGER | VOLTAGE VARIES 
VARIES APPROX. 7 "9 


30% : 2 


Hermetically sealed, they are not affected by changes in altitude, 
ambient temperature (—55° to +-90° C.), or humidity .. . Rugged, 
light, compact, most inexpensive List Price, $3.00. 


Write for 4-page Technical Bulletin No. AB-51 


AMPERITE 


561 Broadway, New York 12,N. Y.... CAnal 6-1446 
TROP VCMT Mle ae CSL OLN eee eT 
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Send for this 


FREE SAMPLE 


Contains 25 different 
test samples of high - dielectric 


INSULATING TUBING and SLEEVING 


Includes samples and descriptions of . . . 


VARGLAS SILICONE— Class H tubing, sleeving, lead wire, tying cord. 
Withstands temperature from —85°F to 500°F. 


PERMAFIL-IMPREGNATED VARGLAS TUBING—Fiberglas impregnated with 
General Electric Permafil. 


VARGLAS SLEEVING AND TUBING—synthetic-treated, varnished, lac- 


quered, saturated and others. 


VARGLAS NON-FRAY SLEEVING—three types available. Withstands tem- 
temperatures up to 1200°F. 


VARFLO TUBING AND SLEEVING—full range of colors, sizes and grades. 
Vinyl coated Fiberglas. 


VARFLEX COTTON TUBING AND SLEEVING—varnish or lacquer impreg- 
nated—all NEMA grades. 


SYNTHOLVAR EXTRUDED TUBING—listed by UL for use at 105°C. Various 


formulations to meet unusual requirements. 


MAIL COUPON TODAY 
FOR SAMPLE FOLDER 


ame CORPORATION ESE eee eee eee ee ee ee ee ee ee ee ee ee ee ee oe 
Matron: of 


Electr ea! Insdhoting VARFLEX CORPORATION 
eae, isag 504 W. Court St., Rome, N. Y. 


Please send me free folder containing samples of your electrical tubing and sleeving. 
| am particularly interested in insulation for 

Name 

Company 

Street 


City : Zone 


214 Circle 206 on page 17 


glass, plastics and other materials. In- 
formation includes application and 
specific material characteristics, me- 
chanical properties, resistance factors, 
machinability, hardness, size, weight, 
etc. Hartford Steel Ball Co. 
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SILICONE TAPE FOLDER 


Eight samples of silicone tape are sup- 
plied in a folder which describes the 
properties of each sample and electrical 
applications of various constructions, 
including extruded types with triangu- 
lar and rectangular cross-sections and 
calendered types with square-cut glass 
cloth and Dacron and glass reinforce- 
ment. Thermoid Div., H. K. Porter Co., 
Inc. ; 

Circle number 691 on page 17 


TWO-PART EPOXY RESIN 


Catalog sheets and suggested process- 
ing techniques FC-L2 illustrate and de- 
scribe TC-459 epoxy resin for sealing 
and reinforcing electrical connectors, 
wiring, cable and other equipment. 
Sheets give electrical and _ physical 
properties, its packaging and use. Prop- 
erties include: dielectric constant, 3.2; 
electric strength, 1500 volts/mil; in- 
sulation resistance, 10'* to 1014 ohms. 
Chemical Div., Electronic Production & 
Development, Inc. 

Circle number 692 on page 17 


RIGID-CYLINDER TUBING 


Specifications on Jal-Smooth drawn- 
over-mandrel electrically welded tube 
are covered in a pamphlet of four 
pages. OD and ID tolerances, micro- 
inch finish of the ID, mill test pressure 
and burst pressure in psi are given 
for different sizes of tubing. Electric- 
weld Tube Div., Jones & Laughlin 
Steel Corp. 
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ALUMINUM BROCHURE 


A 12-page brochure, “The Technology 
of Bunting Bearing Aluminum Bars,” 
is a combination of tabular matter and 
basic technical facts. Mechanical speci- 
fications and chemical analysis is given 
for bearing material available in tubu- 
lar and solid bars. Bunting Brass and 
Bronze Co. 

Circle number 694 on page 17 


MICROMETER SHAFT DIGITIZING 
SYSTEM 
Equipment described in Bulletin 350-6, 
2 pages, converts position of microm- 
eter lead screw shafts to a digital code 
which can be punched on a paper tape. 
Code and format are compatible with 
commercial computer. Fully expanded, 
system will record three channels of 
shaft-position data and one channel of 
parameters. Circuitry is designed for 
future addition of accessories. Data can 
be recorded on punched tape at rate 
(Continued on page 217) 
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WHEN WINDINGS MUST RUN HOT—GET MORE 
HP PER POUND WITH 155°C ANATHERM MAGNET WIRE 


ANATHERM 
you to build a smaller motor without reducing horse- 
power output 
motors at higher temperatures without loss of horse- 
power. In fact, wherever magnetic windings must run 
hot, Anatherm offers similar advantages. 

But this is only part of the reason why Anaconda 
Anatherm has found such wide acceptance. Its greater 
thermal stability—plus excellent abrasion resistance, 
chemical stability and dielectric strength—help make 
Anatherm ideal for a wide variety of applications. 

Anatherm—the first film-coated magnet wire to 


a polyester film-coated wire enables 


enables your customers to operate 


» bagualify for the AIEE Class F (155°C) rating has been 


field-tested and proved. Our broad application exper- 


For you, Anatherm can mean smaller electrical equipment... 


ience with Anatherm allows us to offer this wire in 
Sizes 8 to 46 in standard film thicknesses, and in a 
full range of round, square and rectangular sizes. 

For more information, see the Man from Anaconda. 
Look up “Anaconda” in your phone book—in most 
principal cities—or write: Anaconda Wire & Cable 
Company, 25 Broadway, New York 4, N. Y. pon 


ASK THE MAN FROM 


ANACONDA 


ABOUT ANATHERM MAGNET WIRE 


higher operating temperatures. See detai/s on reverse side, 





MAGNET WIRE 
DATA SHEET 


from ( 
Anaconda Wire & Cable Co. 


IMPORTANT FACTS FOR YOUR WORK... 
...about Anatherm 155°C (AIEE Class F) Magnet Wire 


When proper advantage is taken of Anaconda Anatherm’s higher 
155°C characteristics, electrical equipment can be improved in 


these ways: 


RAISES LIMITING OPERATING TEMPERATURES. Anatherm raises 
limiting operating temperatures to 155°C. This high heat re- 
sistance means extra protection . . . longer equipment life... 
wider range of applications. 


REDUCES FRAME SIZE. Anatherm gives more horsepower from 
the same space or the same horsepower from a smaller motor. 
Costs are cut for you, and your customers benefit from smaller 
over-all components. 


INCREASES HORSEPOWER RATINGS. Anatherm is the best of 
the polyesters. Its high heat resistance means higher permissible 
operating temperatures, greater horsepower rating. 


UPGRADING. Anatherm helps upgrade standard equipment. 
Gives added heat insurance through thermal stability. Particularly 
suited for overloads. 


COMPATIBILITY. With polyesters, importance must be placed 
upon a completely compatible system. Varnish manu- 
facturers have recently developed polyester varnishes which 
allow a compatible polyester magnet wire system. A number 
of varnishes other than polyester are compatible with 
Anatherm, but consultation with varnish suppliers before 
use is recommended. 


TECHNICAL PROPERTIES 


Anatherm has unusually high abrasion-resistance. This character- 


istic allows it to be wound on both conventional and automatic 


ANACONDA WIRE & CABLE COMPANY 


25 BROADWAY, NEW YORK 4, NEW YORK 


Please send me a copy of your Anatherm Magnet Wire Booklet. 
NAME & TITLE 
COMPANY 


ADDRESS 


winding equipment. Anatherm offers excellent flexibility and 
adherence properties. It meets NEMA snap test requirements 
and exhibits excellent adherence to the conductor. 


Anatherm maintains its dielectric strength under prolonged 
heating at high temperatures. It consistently exceeds dielectric 
strength requirements for NEMA dielectric twist test. 


Anatherm will resist toluol, VM & P Naphtha, Ethyl Alcohol and 
5“, Sulphuric Acid. Anatherm is a polyester and exhibits the 
best characteristics of this class of chemical compound. However, 
all polyesters must be used with certain precautions where 
moisture and/or enclosed systems are concerned. Similar pre- 
cautions must be taken where chlorine-base supporting insula- 
tions, such as neoprene and polyvinyl chloride, are present. 
Polyesters should not be used in applications subject to exposure 
to concentrated alkalies. 


Anatherm is offered as a 155°C (AIEE Class F) magnet wire 
based on AIEE #57 and #510 test methods. These tests, performed 
by Anaconda engineers, show Anatherm as being capable of a 
30,000-hour life at 157°C in an unvarnished state and the same 
life at 175°C when treated with a silicone or polyester type var- 
nish. Thus Anatherm, when suitably varnished, has reserve sta- 
bilityeven above the 155°C 4-4 == F 


} 
t-+-4 


rating at which it is being 
offered. The thermoplastic 
flow temperature for 
Anatherm, based on MIL- 
W-583A, is very high 
(250°C). Anatherm also 
shows outstanding reten- 
tion of flexibility after ag- 
ing. Wire can be heated 
168 hours at 175°C and 
then wound on three times 
its own diameter without 
cracking. Its heat-shock 
characteristics are excep- 
tionally good for a poly- 
ester wire: Anatherm will 
withstand a 1x mandrel 
wrapat 155°C for one hour. 


Valuable Anatherm Magnet Wire Handbook— 
yours for the asking! 


Latest information... full technical data. 


TEAR OUT FOR YOUR FILE 


eee tere ees 


Crate OHwertn en. tev amewe esha eas 


sweeeereraerete 





of 20 characters/sec. Datex Corp. 
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HIGH-TEMPERATURE CONNECTORS 


Catalog sheet points out applications 
and offers information regarding stand- 
ard sizes, types, contact patterns, MS 
cross reference numbers, and_ insert 
data. Standard models are 2, 5, 9 and 
11 pins with ceramic inserts. Pins and 
sockets are chromel, alumel, copper, 
constantan or iron. Harco Laboratories, 
Inc. 
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COMMERCIAL CAPACITOR LINES 


Six-page illustrated brochure contains 
catalog listings of capacitors for com- 
mercial use. Included are over 500 
listings of twist-prong electrolytics in 
single, dual, triple and quadruple 
styles. Listings show combinations in 
smallest practical aluminum can sizes. 
Other capacitors include molded tubu- 
lar and metal and cardboard case elec- 
trolytics. Astron Sales Corp. 

Circle number 697 on page 17 


TRANSISTOR REPLACEMENT CHART 
Newly revised replacement chart for 
transistors is a two-page publication. 
Transistor type numbers of other manu- 
facturers are compared by Bendix. 
Chart is in tabular form. Listing is by 
similarity of characteristics. Semicon- 
ductor Products, Red Bank Div., Bendix 
Aviation Corp. 

Circle number 698 on page 17 


HERMETIC SEALING FACILITIES 


Four page Brochure 426 portrays the 
company’s techniques for researching, 
developing and producing hermetically 
sealed components and assemblies for 
industry and the military. General 
Hermetic Sealing Corp. 

Circle number 699 on page 17 


Manufacturers’ 
Publications 


For these selected publications on ma- 
terials, components, technical data and 
engineering services, write direct to the 
manufacturers on company letterhead, 
mentioning ELECTRICAL MANUFACTURING 


as your source, 


ZENER DIODE SLIDE RULE 

The device is used to simplify the calcu- 
lations that are necessary to design 
Zener diode circuits. Among the calcu- 
lations that can be made are: value of 
the ballast resistor; maximum Zener 
dissipation; required thermal dissipator 
or heat sink area; change in regulated 
voltage with ambient temperature. Vari- 
ous scales eliminate the need for using 
several curves. The slide rule can be 
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...and miniaturized 


UN 


ze BRON ' 


33% size, 75% weight reduction — 
and increased reliability! 


Our headline tells the remarkable miniaturization 
achievement made by AMPHENOL engineers in the design 
of Micro-Ribbon connectors. The 24 contact Blue Ribbons 
above are 3"i6” long; the pair weigh .158 pounds. The 
miniature 24 contact Micro-Ribbons are only 2%” long, 
weigh only .055 pounds. Micro-Ribbons are space saving, 
weight-saving connectors! 

The unique contact in Micro-Ribbon connectors represents 
a redesign of AMPHENOL’s standard “ribbon” contacts for 
increased reliability—improved self-wiping, self-cleaning, 
double-sided flexing action. Insertion and extraction 

is smooth and easy. 

Micro-Ribbons, available in 14 to 50 contacts, are being 
used in ground electronic equipment and in satellites 
—in fact, wherever miniaturization and reliability 

are demanded, so are Micro-Ribbons! 


CONNECTOR DIVISION 


1830 S. 54TH AVE., CHICAGO 50, ILLINOIS 





... to end delivery worries for you. 


Sorensen is able to make immediate delivery on almost every item in 
the widest line of controlled power products on the market. Included are: 
Highly-regulated d-c supplies, a-c line voltage regulators, variable fre- 
quency power sources (frequency changers, 60 to 400 cps and other fre- 
quencies), transistorized dc-to-de converters and dc-to-ac inverters. Ask 
your Sorensen representative about your rush requirements or write: 


Sorensen & Company, Inc., Richards Avenue, South Norwalk, Connecticut. 
9-59 


CONTROLLED 


Soncensen— POWER 
PRODUCTS 


A SUBSIDIARY OF RAYTHEON COMPANY 


...the widest line lets you make the wisest choice 
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ordered for $1.00 from any Motorola 
semiconductor distributor. Motorola, 
Inc.. Semiconductor Products Div., 
Phoenix, Ariz. 


FHP MOTOR HANDBOOK 


Technical information handbook, 66 
pages, contains the following informa- 
tion: definitions of classes of motors, 
of types of enclosures, general motor 
terms, application fundamentals such 
as selection considerations, performance 
characteristics, speed control, reversing, 
etc.; care and servicing of small motors; 
and formulas, charts and tables useful 
in motor application work. Copies are 
$1.00 each from Bodine Electric Co., 
2500 W. Bradley Place, Chicago, III. 


BALLAST APPLICATION GUIDEBOOK 


GIZ-964, a 100-page publication for 
lighting-fixture manufacturers, contains 
information on the proper selection of 
fluorescent lamp ballasts. The vinyl- 
bound, looseleaf guidebook is avail- 
able for $5.00 from Ballast Dept., 
General Electric, 1430 E. Fairchild, 
Danville, Il. 


PRINTED-CIRCUIT WIRING 

AND CONNECTIONS 

This 28-page book is divided into three 
parts. First is a section on case his- 
tories of printed-circuit and wiring de- 
vice applications. Second are check 
lists to assist in specifying, designing 
and integrating multiple  wiring-de- 
vice components, tolerances on printed 
circuits, connectors and sockets, and 
multi-conductor cable and _ flexible 
harness. Third is a section on design, 
tooling, manufacturing and inspection 
facilities. Copies may be obtained by 
letterhead request to ‘Methode Manu- 
facturing Corp., 7447 W. Wilson Ave., 
Chicago 31, Ill. 


MOTOR CONTROL DIGEST 

\ 162-page catalog with descriptive, 
technical and engineering information 
on a line of motor controls has been 
prepared by the manufacturer. Con- 
tents include manual starters, drum 
switches, motor starters and con- 
trollers, contactors, foot switches, 
pushbutton switches, brakes and_re- 
sistor boxes. Copies of “Allis-Chalmers 
Motor Control” are available by com- 
pany letterhead request to Allis-Chal- 
mers Manufacturing Co., Milwaukee 1. 


Wis. 


iii leis 
Postcard return cards are provided 
on page 17 as a convenience to the 
reader in obtaining further informa- 
tion on 

e New Components and Mate- 
rials 

e Literature for the Design 
Engineer 
Feature Article Reprints 
Advertised Products 
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It can if it’s made by s¢9 —be- 
cause all S& bearings, both 
ball and roller, offer special quali- 
ties at “production” bearing 
prices. 


‘Take the single-row deep-groove 
ball bearing featured here, as an 
example. S&S designs and builds 
this type to sustain heavy radial 
load and thrust load in either di- 
rection. Furthermore, it is engi- 
neered to run smoothly and 
quietly at normal speeds with 

_ grease lubrication—and at high 
speeds with oil. 


Can a standard bearin o Yet this is a standard s0¢e ball 
bearing, mass-produced by auto- 
mated production equipment at 


otter Vy ¢ yu ll L¢ re bearing” our plant at Altoona, Pa. You 


can quickly get this bearing in 
[-" > y ; . OQ 5 over 100 sizes, ranging from 54” 
I Ol y O ul IY1O I ) © VY . to 15.748” O.D., and in a variety 
of seal, shield and snap-ring 
combinations. 


Single-row 
Deep-groove Ball Bearing 


But why not find out what StsF 
offers in bearing quality, availa- 
bility and economy? Just call the 
ss branch office nearest you. 


2 Angular : . : 6001 
: 1 Contact Bearing - . ; 


Tyson* Tapered 
Roller Bearing 


Cylindrical 
Roller Bearing 


Spherical Roller 
Thrust Bearing 


Spherical 
Roller Bearing 


EVERY TYPE-EVERY USE 


okKF. 


BEF INDUSTRIES INC PHILADELPHIA 32 FA 


Spherical, Cylindrical, Ball, i Tapered ond REED Miniawure Bearings 
p pe 
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FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 
bers listed at the end of items on the Reader 
Inquiry Service postcards, pages 17 and 19. 


Ree vy 


Components 
and Materials 


1 staff compilation of the latest developments 


design-in use in electrically operated end products 


screened for 
complete 


with all released specifications and available application data. 


FLEXIBLE PRINTED CIRCUIT 


Flexible printed circuits may be ap- 
plied to circuits for computers, switch- 
boards, relays and industrial controls. 
“Flexprint” circuits are made by sand- 
wiching copper conductors between flex- 


ible layers of insulation. Vinyl sheeting 
is used as flexible insulator for most 
applications. Sanders Associates, Inc., 
Nashua, N.H. 

Circle number 479 on page 17 


MINIATURE CAPACITORS 


K2R and K2T series capacitors are of- 
fered in values of 10 to 18.000 pf at 


A A 


working voltages of 200 d-c and tol- 
erances of 5, 10 and 20 per cent. Tem- 
perature rating, 150 C; size, 0.10 x 
0.10 x 0.10 in. min. King Electronics, 
Inc., 915 Meridian Ave., South Pasa- 
dena, Calif. 

Circle number 480 on page 17 


SILICON SWITCHING DIODES 


Available in four voltages, Series 1N690- 
1N693 diodes effect 0.8-~sec switching 
of 1%4-amp pulses for high-speed com- 
puter switching, pulse clamping, gating. 
blocking and diode logic circuits. De- 

A 


signed for operation from —65_ to 
+-150, diodes feature forward conduc- 
tance of 400 ma at | volt and leakage of 
50 pamp at 150 C. Recovery time, 0.8 
psec max to return to 10 k ohms when 
switched from forward-current 2-psec 
pulse of 500 ma to a reverse voltage of 

-50 volts, with loop impedance of 1 k 
ohm. Diodes also switch from 5 ma for- 


ward pulse to 10 volts ( 30 volts for 
IN690 diode) and recover to 100 k 
ohms in 0.5 psec. Sperry Semiconduc- 
tor Div., Sperry Rand Corp., South 
Norwalk, Conn. 

Circle number 481 on page 17 


SILICON RECTIFIER 

Style 21 diffused-junction power recti- 
fier is rated 13.5 amp average at 25 C 
ambient on a 3 x 3 x % in. copper 
heat sink. PIV range is 50 to 400 volts 


in 50-volt steps. Diode with 6 in. hex 
stud base has a height of 1°46 in. max. 
Forward dynamic 0.009 
ohms, typical. Syntron Co., 490 Lexing- 
ton Ave., Homer City, Pa. 

Circle number 482 on page 17 


TRIODE SOCKET 

Socket 8700, for General Electric tri- 
ode 7462, can be soldered directly to 
mounted 
above a chassis for conventional wiring. 


resistance, 


a printed-circuit board or 


Two holes are provided for mounting 
socket. Insulator is Alkyd 446 which 
will withstand operating temperatures 
to 400 F. Five contacts are beryllium 
copper, silver plated and then gold 
plated. Jettron Products, Inc., 56 Route 
10. Hanover, N.J. 

Circle number 483 on page 17 


EPOXY ADHESIVE 


Unfilled, modified epoxy adhesive, Bond- 
master M685, is a 
temperature-curing formulation which 
was originally developed for the bond- 
ing of rigid expanded polystyrene to 
metal, wood and to other rigid surfaces 
where operating temperatures are in 
excess of 120 F. Adhesive also ap- 
plicable to metal-to-metal and metal- 
to-plastics bonding. M685 is a free- 
flowing liquid, intermediate-strength, 
clear pale amber adhesive. At room 
temperature, bonded assembly can be 


two-part, room- 
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SARKES TARZIAN 


‘ \ 
« \ 
a ON ey 


Uniqud éase styling of Tarzian silicon power 
the Tarzianvectifier apart from the ordinary .. 


. this,is the-least hh pana a 
examined as to performarice they presey De ictive that clearly indicates why Tarzian recti- 
fiérS have been-established as the per, igdard by design engineers. y 


is 


THERMAL GRADIENT JUNCTION TEMP. RISE 


DC CURRENT ~TARZIAN /TARZIAN TARZIAN TARZIAN 
AMP** TYPE /@ TYPE 0 TYPE *OTHER TYPE** *OTHER 


20 —_ 7s 10°C 60°C MAX 
35 a « y 4 xc 60°C MAX 
50 ee 625 5°C > 60°C MAX 
100 ye /im J 5°C 60°C_MAX 
150 am /i rc } 60°C MAX 
SR 70: x 9°C ? 60°C. MAX 
os e* 11°C 60°C MAX 
*Check* 1 f other suppliers. \ 
**with _. cooling fin. 


TARZIAN INC. - RECTIFIER DIVISION 


415 north college + bloomington, indiana * edison 2+1435 
tn Canada; 700 Weston Rd., Toronto 9. Tel. Roger 2-7535 © Export: Ad Auriema, Inc., New York City 
Cela 
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THE NATIONAL SCENE 


“Inspect the product-improving, cost-cutting 


®ss 


metal-like properties of new DELRIN 


National can now furnish extrusions or fabricated parts of this remarkable new Du Pont thermoplastic 


f you have not yet evaluated this exciting new material For specific information, prices and personal assistance 
you will want to. Exhaustive tests show that “Delrin” can on the use of “Delrin’—or any of the more than 100 
compete on a cost and performance basis with parts made National materials—write National Vulcanized Fibre Co., 
of many metals, rubber, glass or wood. It may be the one Dept. C-1, Wilmington, Delaware. Or contact your 
best material to solve a current problem for you. nearby National Sales Office 
In adding “Delrin” to its family of thermoplastics, 
National continues the policy of offering the designer 
industry's widest selection of basic materials—over 100 
types and grades. “Delrin” is available in extruded rod, 
strip, and special shapes, or in precision fabricated parts 
to your design. You can depend on National’s production 


o e os 5— 
experience for sound help on “Delrin” applications 


" ” 8 
Sizes now available include: rod—1,4" to 2 diameter; Sen, 
strip—.020” through .093” thick, up to 7” wide. g 


Speci d shapes availab quest. Fabri 
Special extruded shapes available upon request. Fabri Litebith L@teemnes © beeen 


cated “Delrin” parts now being furnished National’s cus- 4. Machined pulleys. 5. Punched terminal bases. 6. Bushings. 
tomers indicate broad application wherever strength, 7. Terminal plugs. 8. Punched discs. 9. Punched washers. 
10. Parts made in automatic screw machines. 11. Machined bolts. 


rigidity and dimensional stability are important 


Circle 223 on page 17 ELECTRICAL MANUFACTURING 





CHOOSE FROM THESE MATERIALS... 


Vulcanized Fibre: 10 standard grades; 
many special grades. 


Puenouite® Laminated Plastic: over 80 
standard and modified grades; paper, 
cotton fabric, nylon, asbestos, glass 
fabric, cotton and glass mat bases; 
phenolic, melamine, polyester, epoxy, 
teflon or silicone resins. 


Peertess Electrical Insulation: coil, strip, 
corrugated, 


Extruded Nylon, ‘Delrin’, “Penton”: 
rod, strip, tubing, special shapes. 


Polyester Glass Mat: 4 standard sheet 
grades; custom molded shapes. 


PHenoute Copper-Clad Laminates: 
10 standard grades. 


Combination Materials: Rubber- 
PHENOLITE; Rubber-Fibre; Wood-Fibre; 
Metal-Fibre; Asbestos-Fibre; PEERLESS- 
PHENOLITE. 


BACKED BY THESE SERVICES... 


Field Application Assistance 
Complete Fabricated Parts Service 
Stock Program for immediate Shipment 


BY CALLING THESE OFFICES... 


VAlley 3-0393 
TWinbrook 4-3500 
AUstin 7-1935 
GArfield 1-0632 
ERieview 1-0240 
DAvis 4-4386 
MAin 3-2077 
UNiversity 3-3632 
Si aisce .. 8-1308 
WAlnut 3-6381 
RAymond 3-0291 
BRoadway 6-6995 
LOcust 2-3594 
Mitchell 2-6090 
COrtlandt 7-3895 
SHerwood 8-0760 
FAirfax 1-3939 
Rochester Hillside 5-0900 
St. Louis PArkview 5-9577 
St. Petersburg ; «ss aeaoee 
San Francisco DAvenport 6-4667 
Seattle MElrose 2-7298 
Wilmington OLympia 5-6371 


IN CANADA: 

National Fibre Co. of Canada, Ltd. 

Toronto LEnnox 2-3303 
Montreal AVenue 8-7536 


= 


Baltimore . 


Chicago 
Cincinnati 
Cleveland 
Dallas 


Detroit 
Griffin, Ga 
Indianapolis 
Los Angeles 
Milwaukee 
New Haven 
Newark 


Philadelphia 
Pittsburgh 


VULCANIZED FIBRE CO, 


WILMINGTON 99, DELAWARE 


In Canada: 


NATIONAL FIBRE COMPANY OF CANADA, LTD., Toronto 3, Ontario 
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handled in 6-8 hr and develops 85 per 
cent of maximum strength in 14-24 hr. 
Rubber & Asbestos Corp., 225 Belle- 
ville Ave., Bloomfield, N.J. 

Circle number 484 on page 17 


PRESSURE TRANSDUCER 


Model CP40, d-c output, variable-reluc- 
tance transducer combines a pressure 
transducer and a d-c energized carrier- 
demodulator in a single pakage. Unit 
operates on 25 to 30 volts d-c at 20 ma 
and delivers 0 to 5 volts d-c, full 


scale, from an impedance of 5000 ohms 
and is regulated against input voltage 
variation. Pressure ranges, 5 to 1500 
psi, differential, gage and absolute. Ac- 
cepts corrosive fluids and gases. Am- 
bient operating range of —65 to +180 
F. Pace Engineering Co., 13035 Saticoy 
St., No. Hollywood, Calif. 

Circle number 485 on page 17 


MINIATURE 
ELECTROMAGNETIC BRAKE 
Frame size 8 brake has an output torque 


of 16 oz-in. min at 24 volts d-c and a 
drag torque of 0.05 oz-in. max. Power 


| consumption, 2 watts at 24 volts d-c. 


Polar moment of inertia, 0.608 * 10- in. 
lb. sec®. Life, 1 million cycles at 60 cps. 
Operating temperature, —55 to -+-125 
C. Overall length is 0.405 in. Dynamic 
Instrument Corp., 59 New York Ave., 
Westbury, L. I., N. Y. 

Circle number 486 on page 17 


| PROTOTYPE PLUGBOARD 


Plugboards are supplied in 1/16-in. 
thick epoxy paper material with 0.062 


holes on alternate intersections of 0.1 
in. grid. A 16-pin Elco Varicon Series 
5001 connector is attached to leading 
edge and mates with Series 7001 re- 
ceptacle. Plugboards using push-in or 
stand-off terminals may be hand wired 
to provide prototypes for final printed- 
circuit cards. Plug-in test circuits for 
laboratory use may also be built on 
plugboards. Various sizes available. 
Vector Electronic Co., 1100 Flower St.. 
Glendale 1, Calif. 

Circle number 487 on page 17 


SILVER-SOLDER PREFORMS 


Automatic soldering at high temper- 
atures can be accomplished with a 
line of silver-alloy solder preforms. Pre- 
forms, ranging in soldering tempera- 
tures from 1600 to 1800 F, are available 
as rings, disks, washers, pellets, cast- 
ings, balls and special shapes. Solder 
preforms consist of predetermined 
amount of specific silver alloy. Alloys 
Unlimited, Inc., 21-01 43 Ave., Long 
Island City 1, N.Y. 

Circle number 488 on page 17 


D-C MOTOR INCLUDES 
GEARS, BRAKE, GOVERNOR 


Type GJ motors are 13¢ in. in diam., 
have continuous duty ratings to 1/100 
hp, and can be wound for series, split- 
series, shunt or universal operation. 
Length of motor determined by stack 


length chosen. Torques to 6 oz-in, can 
be obtained for intermittent duty. 
Motors lend integral 
brakes which are capable of full-load 
speed stops in 2.90 rev. Brake adds 


themselves to 


11, in. to overall length. Various gover- 
nors may be used. Integral planetary- 
gear speed reducers available. Unit 
shown includes reducer and 
brake. Input, 6 to 75 volts d-c, Output 
speeds, 6000 to 13,000 rpm. Globe In- 
dustries, Inc., 1784 Stanley Ave., Day- 
ton 4, Ohio. 

Circle number 489 on page 17 


speed 


MINIATURE PLUGS 


Golden-D plugs complement, and are 
interchangable with, manufacturer’s 
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IT’S HERE --- 
A 10 KW T-LOAD 


for DC or AC work 


mercury contactor 


Compare this data 


66 KW-T 10 KW-T 


Load Rating 
Amp 60 100 
Coil Power 
Watts 25 
Contact Resist 
ance (Ohms) 
Coil Resist 
ance (Ohms) 
Pull in using 
115V60 Coil 
Drop out 
Operate time 
(seconds) 
Release time 
(seconds) 


A new line of Mercury Contactors 
is now available in Durakool’s 
famous Hypressure “Hydrogen Arc 
Quenched” construction. These heavy 
load carrying contactors have mercury 
to metal (tungsten) contacts. 


Available in two sizes— 


10 KW (10,000 watts) and 6.6 KW 
(6600 watts), normally open or 
normally closed contacts and any 
coil specification. Ideal for 
theatre and other lighting 
jobs—and for the switching 
of heavy motor loads. Made 
to handle up to 460 volts 


A.C. or 440 volts D.C. 


Nude or with bakelite in- 
sulation—with or without 
lead wires. 


Write for Bulletin 600 
4747 Bronx Blvd., New York 70 \— 
1969 Avenue Rd., Toronto 12 
301 Fifth Ave. So., Minneapolis 15 
P.O. Box 1352, 

Postal Station O, Montreal 


Circle 224 on page 17 
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PARAMOUNT Spiral Wound PAPER TUBES 





SQUARE, RECTANGULAR, ROUND 


Regular-type PARAMOUNT paper tubes used for 
millions of coil forms and other applications. 
Hi-Dielectric. Hi-Strength. Kraft, Fish Paper, 
Red Rope, Acetate, or any combination spiral 
wound on automatic machines. Any size from 
14” to 30” long, from .450” to 25” I.P. Produced 
from wide range of stock arbors or specially 
engineered for you. 


PARAFORMED— SQUARE OR RECTANGULAR 


Exclusive Paraforming method of tube making 
without artificial heat or pressure. Makes per- 
fectly flat side walls, square inside corners, and 
very small radius on the four outside corners— 
and does it all at the time of actual spiral winding. 
No sharp outside edges to cut wire. No need for 
wedges to tighten wire. Full rigidity and physical 
strength. Permits winding coils to closer toler- 
ances. Allows faster automatic stacking of coils. 
Approved and used by leading manufacturers. 
No extra cost! 


PARAMOUNT 


PAPER TUBE CORP. 
612 LAFAYETTE ST., FORT WAYNE 2, IND. 
Standard of the Coil Winding Industry for Over 20 Years 


Write on company 
letterhead for 
STOCK ARBOR LIST 
OF OVER 2000 SIZES 
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standard line of subminiature D con- 
nectors. Golden-D’s feature monobloc 
diallyl phthalate insulators and finish 
of gold Iridite over cadmium ‘plate. Four 


styles available include miniature con- 
tacts, ungrounded coaxial contacts, 
grounded coaxial contacts and_high- 
voltage contacts. Ungrounded coaxial 
contacts are designed to be snapped into 
insulators after they have been attached 
to cables. Miniature contacts accommo- 
date 20 AWG wire and smaller. Can- 
non Electric Co., Box 3765, Terminal 
Annex, Los Angeles 54, Calif. 
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STAINLESS-STEEL 
SPRING WIRE 


Flat form of precipitation-hardening 
stainless steel spring wire has typical 
applications including hair clip springs 
and electrical timer springs. The 17-7 
PH flat spring wire is an alloy of 
chromium, nickel, manganese, silicon, 
aluminum, carbon, phosphorus and sul- 
fur. It is furnished annealed, one-fourth 
hard, one-half hard, three-fourths hard, 
or full-hard in bright or copper finish. 
Widths, 0.300 in. max; thickness, 0.009 
in. min. Modulus of elasticity, 29,500,- 
000 in tension and 11,000,000 in torsion. 
Specialty Wire Div., National-Standard 
Co., Niles, Mich. 

Circle number 491 on page 17 


MOLDED CHOKE COILS 

Miniature series of choke coils is il- 
lustrated beside standard coils of same 
ratings. Current ratings of miniature 
coils are 100-150 ma approx, and 


6 2 


values are available up to 10,000 yh. 
Operating temperature, 125 C. Coils 
are hermetically sealed. No ferrite ma- 
terials are used. Delevan Electronics 
Corp., 77 Olean Rd., East Aurora, N.Y. 

Circle number 492 on page 17 


RECEPTACLES WITH 
CRIMP-TYPE CONTACTS 
Receptacles utilizing crimp-type, snap- 
locked contacts for plug-in relays and 
other plug-in components have been 
developed. Closed-entry contacts are 
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NEW MODEL 122A 


Here at last is a 200 KC oscilloscope—priced at just 
$625—giving you “big-scope” versatility and the 
time-saving convenience of simultaneous two-phe- 
nomena presentation. 


Engineered to speed industrial, mechanical, medical 
and geophysical measurements in the 200 KC range, 
the new @ 122A has two identical vertical ampli- 
fiers and a vertical function selector. 


The amplifiers may be operated independently, dif- 
ferentially on all ranges, alternately on successive 


sweeps, or chopped at a 40 KC rate. 


Other significant features include universal opti- 
mum automatic triggering, high maximum sensi- 
tivity of 10 mv/cm, 15 calibrated sweeps with ver- 
nier, sweep accuracy of +5% and a “times-5” ex- 
pansion giving maximum speed of 1 psec/cm on the 
5 psec/cm range. Trace normally runs free, syncing 
automatically on 0.5 cm vertical deflection, but a 
knob adjustment eliminates free-run and sets trig- 
ger level as desired between —10 and +10 volts. 


Rack or cabinet mount; rack mount model only 7” 
high. 


For complete details, write or call your @ repre- 
sentative, or write direct. 


HEWLETT-PACKARD COMPANY 
5140M paGe MILL ROAD © PALO ALTO, CALIFORNIA, U.S.A. 
CABLE ‘‘HEWPACK"' © DAVENPORT 5-445] 

FIELD REPRESENTATIVES IN ALL PRINCIPAL AREAS 


BRIEF SPECIFICATIONS 4 122A 


Sweep: 15 calibrated sweeps, 1-2-5 sequence, 5 fsec/ 
em to 0.2 sec/em, accuracy 5%. *Times-5'’ expand- 
er, all ranges. Vernier extends 0.2 sec/cm range to 
0.5 sec/cm. 

Trigger selector: Internal + or —, external or line. 
Triggers automatically on 0.5 cm internal or 2.5 v 
peak external. Displays base line in absence of signal. 
Trigger level selection —10 to +10 v available when 
automatic trigger defeated. 


Vertical Amplifiers: Identical A and B amplifiers, 4 
calibrated sensitivities of 10 mv/cm, 100 mv/cm, 1 
v/cm and 10 v/em; £5% accuracy. Vernier 10 to 1. 
Balanced (differential) input available on all input 
ranges. With dval trace, balanced input on 10 mv/cm 
range. Input impedance 1 megohm with less than 60 
Lp shunt. Bandwidth DC to 200 KC or 2 cps to 200 KC 
when AC coupled. Internal amplitude calibrator pro- 
vided. 


Function Selector: A only, B only, B-A, Alternate and 
Chopped (at approx. 40 KC). 


Horizontal Amplifier: 3 calibrated sensitivities, 0.1 
vicm, 1 v/cem, 10 v/em. Accuracy 5%. Vernier 
10 to 1. 


Bandwidth DC to 200 KC or 2 cps to 200 KC, AC 
coupled. 


General: 5AQP1 CRT, intensity modulation terminals 


at rear, power input approximately 150 watts, all DC 
power supplies regulated. 


Price: (Cabinet or rack mount) $625.00. 


Date subject to change without notice. Prices f.o.b. factory. 


now offers 8 different precision scopes 
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motion 


into 25,600 


exposures 


per second 


with the 


This new camera, which operates 
at constant speed, offers new 
potentialities in the use of pho- 
tographic instrumentation for 


high-speed motion analysis. 


May we supply further informa- 
tion? Or provide guidance in the 
potential application of Dynafax 
(or any other of the Beckman 
& Whitley High-Speed Cameras) 


to your problems? 


Taknass ¢ Whitley Inc. 


SAN CARLOS 11, CALIFORNIA 
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crimped to wire ends and snap-locked 
into relay receptacle. Only contacts re- 
quired need be inserted into receptacle 
and they can be removed for circuit 


changes. Insulation material is nylon 
or melamine. Standard contacts are 
silver plated. Burndy Corp; Omaton 
Div., Norwalk, Conn. 

Circle number 493 on page 17 


IDLER PULLEYS 


Pulleys molded from polystyrene are 
designed for use in equipment using 


a dial-type indicator. Pulleys are being 
1 


made in three standard sizes: “xs, 
and 5, in. OD. Special sizes and ma- 
terial can be supplied. Richco Plastics 
Co., 4445 W. Fullerton Ave.. Chic ago 
39, Ill. 

Circle number 494 on page 17 


PRESSURE TRANSDUCERS 


Transducers with accessible recalibrat- 
ing terminal boards are available as 
Series SP2-518. Bobbin-wound resistors 
are used for thermal gain and zero 
shift compensation, gain adjustment 


- Zt ¢ 


and input) impedance — adjustment. 
Transducers offered in pressure ranges 
from 0-50 through 0-5000 psig and 
bridge impedances from 50 to 2000 
ohms. Sensitivity, 3 > +0.015 mv/volt. 
Thermal coefficient of — sensitivity, 
+0.005 per cent of full scale/deg F 
over range of 65 to +275 F. Stand- 
ard Controls. Inc., 1130 Poplar Place. 
Seattle 44, Wash. 
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STEATITE CERAMIC 


“Lavolain” ceramic is intended for the 
production of relatively small parts re- 
quiring specific electrical and mechan- 
ical properties. Ceramic is available in 
a selection of colors. Ball and socket 
bushings are stocked in 13 sizes from 
0.125 in. length, 0.125 in. diam, to 
0.750 in. length, 0.750 in. diam. Volume 
resistivity: 120 megohm/ce at 300 C, 
14 megohm /cc at 400 C, 2.0 megohm/ce 


THERE ARE NO 
OTHER SPEED 
DETECTING 

SWITCHES LIKE 


the TORQ 


SYNPROTEX 


TYPE | 


(AUTOMATIC) GOVERNS NAR- 
ROW SPEED BAND such as re- 
quired on computers, series wound 
motors, generators... 


TYPE Il 


(AUTOMATIC) DETECTS HIGH 
AND LOW LIMITS OVER WIDE 
SPEED BAND — Cuts out motor 
starting windings, protects furnaceand 
electronic cooling blowers against 
over and under speed, maintains pro- 
per speeds of inter-related equipment, 
sequences equipment operations... 


TYPE Ill 


(MANUAL RESET) DETECTS A 
SINGLE SPEED — Safety device... 
used where mechanical resetting is 
desired. Can signal danger or automa- 
tically cut out operating circuit. 


TYPE IV 


HOUSED SWITCHES — Permits 
independent mountings, internally or 
externally, without design change. 
Standard housings accept any number 
of separate switches of any above 
type or combinations. Custom hous- 
ings on order. 


e. £ >» = 
z* é Py: 
r id } £ Hs j2 
\ i¢ / Ox Y 
; \\< y 
> Wi 
MULTI-TECTOR 


STANDARDS FURNISHED FOR 
SPEEDS FROM 0 TO 15,000 


TOLERANCES TO '/, of 1% 


GUARANTEED UNIFORMITY 


SINGLE DETECTOR 


1 DETECT SELECTED 
SPEEDS WRITE TO... 


FORG 


ENGINEERED PRODUCTS, Inc. 
34 W. Monroe St., Bedford, Ohio 
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TYPICAL INSERTION LOSS CHARACTERISTICS BASED ON MIL-STD-220 (EXTENDED) 
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4 MINIATURIZED FEED-THRU CAPACITOR 


TYPE NFTSW4P22W (TYPICAL) 


a1 0] 0] a) [08] 


I 


Now... MINIATURIZED pi filters and 3-terminal feed-thru capacitors for inter- 
ference suppression at any frequency from 150 kc to 10,000 mc. No matter 
how unusual your design requirements, the C-D Filter Laboratories can 
deliver the precise suppression component you need. Tubular shapes, neck- 
mounting designs and smallest possible case sizes save space and weight, and 
provide easy installation. C-D’s miniaturized tubular pi filters and feed-thru’s 
also provide better insertion loss per unit volume, lighter unit weight and 
lower unit cost as compared to other types of suppression devices at identical 
ratings. To obtain complete specifications, write for Engineering Bulletins 
171, 172 and 166 to Cornell-Dubilier Electric Corp., South Plainfield, N. J. 


ependable 


; \ onsistently 
(| » CORNELL- 
CAPACITORS 
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UBILIER_ 


to 10,000 mc 


} MINIATURIZED SUPPRESSION COMPONENTS 


Typical Specifications 


Tubular Pi Filter TYPE NFR113 
Voltage: 120 VAC (60 cycles), 300 VDC 
Current: 0.5 Amperes, Weight: 4.0 oz. 


Dimensions: 1” x 2-11/16” 


Feed-Through Capacitor TYPE NFT5W4P22W 
Voltage: 125 VAC ](60 cycles) 400 VDC 

Current: 25.0 Amperes Capacitance: 0.22 mfd 

Dimensions: .562” x 1-29/32” Weight: 0.83 oz 





CONVERTS LINEAR SOLENOID THRUST 
INTO ROTARY TORQUE 


MODEL R133 NOMOGRAPH 
FOR DETERMINING MINIMUM AVERAGE TORQUE 


os cue] 


ENS 








DEGREES ROTARY STROKE 

NOTE: The output torque curve may be varied providing the 
area under the desired torque curve, when superposed on above 
nomograph, does not exceed the area under its minimum average 
torque rectangle. This torque rectangle is formed by perpendicular 
lines to torque and stroke axes from junction of degrees stroke line 
and duty cycle curve. EXAMPLE: 30° rotary stroke at 50% duty 
cycle produces a minimum average torque of 1.9 Ib.-in. 


FEATURES 


NO AXIAL MOVEMENT OF OUTPUT SHAFT 
THRUST BALL BEARING PROVIDES NEGLIGIBLE SIDE LOAD EFFECTS 


EXTREME LONG LIFE ASSURED WITH HARDENED TOOL STEEL 
MOTION CONVERTER 


AVAILABLE WITH HIGH STARTING, HIGH ENDING OR RELATIVELY 
UNIFORM TORQUE 


15° to 60° ROTARY STROKES AVAILABLE 
PRECISION MACHINED THROUGHOUT 


DESIGNED TO MEET STRINGENT MILITARY AND AIRCRAFT REQUIRE- 
- MENTS 


& 
Further details from: 


ROLENOID, INC. 
1732 West Slauson Ave. 


Los Angeles 47, California 


Circle 230 on page 17 
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at 500 C. Electric strength, 50 volts/- 
mil; dielectric constant, 5.3; power fac- 
tor, 0.0048. Tensile strength, 3700 psi: 
compressive strength, 54,100 psi: flex- 
ural strength, 7400 psi; water absorp- 
tion, 1.5 per cent. Star Porcelain Co., 
Muirhead Ave., Trenton 9, N. J. 
Circle number 496 on pzge 17 


QUICK-OPERATING FASTENER 


“Speed Clip” fastens aluminum inter- 
mediate-frequency cans to printed 
phenolic circuit boards in electronic 


equipment and also serves as a_ posi- 
tive ground. Removal of i-f can is 
achieved by expanding barbed leg of 
clip away from can with a tool. Tin- 
nerman Products. Inc., Box 6688, 8700 
Brookpark Rd., Cleveland 1. Ohio. 


Circle number 497 on page 17 


PLASTICS CABINETS 


Thermosetting and thermoplastic cabi- 
nets suitable for radio sets, instruments 
and similar electronic devices are avail- 
able in materials that are self-extin- 
guishing and designed to meet under- 
writer approval tests. Thermosetting 
models molded of phenolics. ureas, 
melamines and polyester glass. Molded 
nylon used for thermoplastic cabinets 
where underwriters approval is needed. 
Tech-Art Plastics Co., Box 739, Morris- 
town, N. J. 


Circle number 498 on page 17 


PHASE-SPLITTING 
TRANSFORMER 


Model P-4675 transformer provides a 
means for operating 3-phase devices 
where only single phase is available. 
Unit illustrated provides 115 volts, 400 
cycles 3-phase to a 90-va gyro power 
supply. Input is 115 volts, 400 cycles 
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DESIGN 
NOTES 


How C/R’s New 
Metal Bellows Seal 


Meets Seemingly Impossible 


Operating Conditions 


Operating Ranges 

— 400° to 1000° F. 
500 psi 

80,000 plus 


These known operating ranges indicate 
the function of this seal. It is designed 
for applications where temperatures and 
mediums to be sealed forbid the use of 
any organic materials. Typically, these 
applications include fuel pumps, com- 
pressor power units and turbine starters 
characteristic in rockets and missiles. 
Other applications include mechanisms 
which are exposed to a high level of 
radioactivity. 


Temperature 
Pressure 
R.P.M. 


Design Advantages 


The C/R metal bellows seal consists of 
a metal bellows — a welded homoge- 
neous unit which is secured at one end 

- and a carrier ring in which the seal- 
ing face is mounted. The seal does not 
contact the shaft. It is stationary, and 
the only rubbing surfaces are the seal- 
ing face and mating ring. These surfaces 
are precision lapped to provide a pos- 
itive seal with minimum friction. At 
any given pressure, the seal can be de- 
signed to maintain proper and con- 
stantly effective face loads. It orients 
immediately to run-out and will resist 
any torques it is subjected to in opera- 
tion. The design has high end-play tol- 
erance: Chicago Rawhide engineers 
have deflected a bellows .100 in. for three 
million cycles at 1750 cpm and at a 
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temperature of 500° F. with no adverse 
effects. 


A further advantage is relatively light 
weight and compactness. The C/R metal 
bellows seal can be designed for min- 
imum axial and radial space. Axially, 
complete seals can be produced within 
a \4 in. cross-section. Radially, dimen- 
sions are comparable with conventional 
end face seals. 


The C/R metal bellows seal can also be 
designed with an extremely low coeffi- 
cient of expansion. The importance of 
this factor becomes apparent with the 
fact that in many applications the op- 
erating temperature may change hun- 
dreds of degrees in a very few seconds. 


Mediums To Be Sealed 


Virtually any known liquid or gas may 
be positively sealed with this design, 
depending upon duration or service life. 
From a practical viewpoint, the C/R 
metal bellows seal is the best design for 
the sealing of cryogenic and high- 
energy fuels such as LOX, hydrogen 
peroxide, fluorine and other missile and 
rocket propellants. 

Where possible, lubrication of the two 
sealing faces is desirable to prolong 
service life. However, the medium being 


sealed commonly acts as the lubricant 
and may be merely hot gas. 


Materials 


Sealing faces and mating rings for the 
C/R metal bellows seal are available in 
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a variety of materials including carbons, 
carbides, ceramics and various alloyed 
metals for both high temperature and 
corrosion resistance. The bellows can 
be furnished in any of several metals 
and alloys such as stainless steel, Monel, 
Inconel X, Ni-Span C and other special 
alloy steels. 


Consult C/R Engineers 


Each application for the C/R metal bel- 
lows seal is essentially a custom-design 
and an intimate knowledge of all condi- 
tions to be encountered must be known 
by Chicago Rawhide engineers to pro- 
duce the correct combination of proper- 
ties in the seal. Then, whether you re- 
quire five, fifty or five thousand seals, 
Chicago Rawhide will design and pro- 
duce the correct seal to solve your 
problem. 


Helpful Design Data: 

We will gladly furnish you with a de- 
sign guide and space envelope data con- 
cerning the C/R Metal Bellows Seal. 
Just write for Bulletin MBS-1 on your 
company letterhead. 


CHICAGO RAWHIDE 
MANUFACTURING COMPANY 


1215 Elston Avenue «+ Chicago 22, Illinois 


Offices in 55 principal cities 


In Canada: Chicago Rawhide Mfg. Co. of Canada, Ltd., 
Brantford, Ontario 


Export Sales: Geon International Corp., 
Great Neck, New York 





LOW-COST 
WEST VIRGINIA 
PRESSBOARD INSULATION 


...@ mMoneysaver 
for every purpose 


PRESSITE ... an absorbent board 
for air, oil, and askarel transformers; 
also for capacitors. 


ELECTRITE ...a hard board, with 
natural rosin sizing to resist mois- 
ture. Excellent for punchings and 
fabricated parts. 


DENSITE 


board. Sized for moisture resistance 


an extremely hard 
or unsized for applications in oil. 


All three types are widely replacing 
more costly insulation. 

Made of 100°, virgin kraft pulp 
produced at our own pulp mill, they 
are free of metallic particles. They 
offer higher dielectric, physical, and 
chemical properties. 

Uniform quality assures consistent 
dependability. Colors are natural 
kraft, black, and brown depending 
on type. Available in a wide range 


of thicknesses. 

Ask for Underwriters’ Laboratories report 
E3987. Write Board Products Sales, West 
Virginia Pulp and Paper Company, 230 

Park Avenue, New York 74 New York. 


VV West Virginia 
Pulp and Paper 
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single-phase. Size is 2°4 x 3 x 3% 
in. Meets MIL-T-27A requirements to 
Grade 4, Class S. Life X. Phase-splitting 
transformers designed to other specifi- 
cations can be supplied. United Trans- 
former Corp., 150 Varick St. New 
York 13; N.Y. 


Circle number 499 on page 17 


TRIMMING POTENTIOMETER 


Miniature Type W-5 trimmer-potenti- 
ometer features resistance range from 
10 ohms through 100 k ohms with +5 
per cent standard tolerance. Case size, 


0.890 x 0.210 x 0.312 in. and 0.750 
mounting-hole centers. Trimmer dis- 
sipates 2 watts to 70 C., derating linear- 
ly to 0 watts at 200 C. Available in side- 
mounted printed-circuit configurations, 
with flexible-wire leads or solder-lugs 
as well as panel-mount hardware 
Atohm Electronics, 7648 San Fernando 
Rd.. Sun Valley. Calif. 


Circle number 500 on page 17 


MINIATURE 
PRECISION RESISTOR 


Type 1274 resistor is °,¢ in. long x 16 
diam and has a maximum resistance of 
one megohm. Previous resistance for 
unit this size was 250 k ohm max. Watt- 
age rating, 0.25 watts max. Resistance 
tolerance of O.1 per cent can be ob 
tained. Temperature coefficients as low 
as +3 ppm deg C can be obtained. 
Axial-lead resistor meets all charac 
teristics of MIL-R-93B, Amendment 3. 
except physical size. Daven Co., Livings- 


ton, N. J. 
Circle number 501 on page 17 


DIGITAL VOLTAGE 
CONVERTER 


Solid-state digital-to-a-c converter pro- 
vides a link between a digital system 
and an a-c-actuated system. Inputs to 
converter are a digital number and an 


unlimited 
scope in 
commutator 
design 


when you rely on 


toledo 


U. S. Air Force-approved quality control 
features and unlimited scope of design 
are yours in Toledo commutators. Made 
from only the finest silver-bearing cop- 
per, high grade steels and mica, Toledo 
commutators and collector rings are 
uniformly perfect, no matter how many 
you order. 


MANY SIZES of commutators 
collector rings are available for 
immediate shipment from stocks 
on hand, and complete tool 

ing facilities make possible 

quick production of other 

special sizes, or 
samples 
Toledo's special- 


5 


ization in this field 
means savings for 
the manufacturer 


who makes his 
own - - by reducing his inventory costs, 
and by savings in both scrap and rejects. 


PRECISION AND ACCURACY of 
manufacture are important reasons for 
using Toledo commutators. Repeatedly, 
Toledo has shown that 

it can produce better 

commutators at 

less cost than the 

manufacturer 

who attempts to 

build his own. 


PROMPT DELIVERY to meet any 
manufacturer's schedule requirements is 
always possible because Toledo 
Commutator Co. has its 

engineering and production 

facilities geared to produc- 

ing these products only. 


Write today for 
catalog #60. 


toledo 


commutator co. 


Owosso 6, Michigan 
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Now from Weston— 
a new package concept 
for AC-DC 
laboratory standards 


time-saving, easy-to-operate 


calibration consoles—accurate within .05% in D.C. 


1% in A.C. 

abherdate 6 oc abhi titi cabensaiabh ead: There’s remarkable simplicity and precision in these 

a So Weston AC and DC Calibration Consoles — design sim- 

. plicity that is readily apparent in clean, uncluttered 

panels ... operating simplicity that now enables one 

OLTMETER CALIBRATOR operator to perform the work in ':, the time previously 

required by two skilled operators... with the precision 

u : of Weston engineering and craftsmanship that assures 

7 ultimate accuracy. Highly stable and readily adjust- 
— able, these consoles are truly value-packed. 

—) Unique switching networks automatically divide 

lee amex Meme emai aia mer mi:i twee = =6oscales into any number of equal parts regardless of 

a | range. It’s no longer necessary to calibrate each check- 


= 


point or set up extra equipment to obtain required out- 
puts. Operation is reduced to four or five simple steps. 

These consoles typify Weston 
leadership in long-term reliability 
and stability. All are supplied in 
blue-gray cabinets or ready for 
ee mounting in standard 19” rack pan- 
tee) els. Also available: an oil bath which 


accommodates up to 12 Weston 
Normal Standard Cells . . . main- 
tains temperatures within .01C. Re- 
movable racks also fit baths at U.S. 
Bureau of Standards. 

For full information, contact your 
local Weston representative ... 0 
write to Daystrom-Weston Sales 
Division, Newark 12, N. J. In 
Canada: Daystrom Ltd., 840 Cale- 
donia Rd., Toronto 19, Ont. Export: 
Daystrom Int’l., 100 Empire St., 
Newark 12, N. J. 


MODEL 66 CONTROLLED TEMPERATURE BATH 


MODEL 62 AC AMMETER CALIBRATOR 


WESTON 


LD tlt. 


WORLD LEADER IN MEASUREMENT AND CONTROL 
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FROM HEADQUARTERS 


H-H RESISTORS 


The Mark 
of Quality 
since 1924 


| —all types for all 


applications — 
& commercial 
or military 


FIXED RESISTORS 
ADJUSTABLE TYPES 
FERRULE TERMINALS 

AXIAL LEAD RESISTORS 
EDGEWOUND TYPES 


CUSTOM AND SPECIALS 


“he 
go 
ie 
BLUE RIBBON SPACE SAVERS 
' 


Design for Reliability GS Li we 
with the Hardwick, Hindle "aK Oe 


These high reliability components incorporate special design 
and construction features that assure the highest degree of 
dependability under the most adverse operating conditions. 
Non-crazing high temperature gray enamel, stronger core, 
welded wire connections, higher shock resistance, immunity 
to salt spray and humidity are advantages inherent in all H-H 
resistors. Fixed, ferrule and adjustable types comply with 
MIL-R-26 specifications and meet EIA standards. 


*Where Space is a Factor — 

specify H-H Blue Ribbon Space Saver Resistors. Sold through author- 
ized H-H distributors nationwide. Call or write for catalog inciuding 
both Gray Line and Blue Ribbon Resistors, MIL Types, mounting 
brackets and accessories. Ask for your copy, now! 


HARDWICK, HINDLE - INC 


40 HERMON ST., NEWARK 5, NEW JERSEY 
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a-c voltage; output is an a-c voltage 
of identical frequency with amplitude 
equal to product of the inputs. Ac- 
curacy, 0.025 per cent; switching time, 
less than 100 psec; phase shift, 5 deg 
at 200 ke. Military version (illustrated ) 
consists of individual modules for each 
input bit which can be mounted on an 
etched board. Converter will operate 
from —54 to +95 C and meet MIL-E- 
5400B. Packard Bell Computer Corp., 


| 1905 Armacost Ave., Los Angeles 25, 
| Calif. 


Circle number 502 on page 17 


| PRECISION CARBON 


RESISTORS 


Molded-carbon deposited resistors Type 
CPM are normally supplied in +1 
per cent tolerance and are available 
from 10 ohms to 5 megohms in the 


a 


| 14-watt size, 10 ohms to 10 megohms 
| in l-watt size and 30 ohms to 20 


megohms in 2-watt size. Designed for 


| full load at 70 C and derated to zero 


load at 150 C. Resistors meet insulation 
resistance requirements of MIL-R- 


| 10509C. Available in RN70, RN75 and 
| RN80 MIL types and sizes. Hi-Q Divi- 


sion, Aerovox Corp., Olean, N. Y. 
Circle number 503 on page 17 


| HYSTERESIS 


SYNCHRONOUS MOTORS 


Precision synchronous electric motors 
are available for applications where 
motor-induced flutter must not exceed 
0.1 rms at 1200 rpm or 0.15 rms at 
360 rpm. Stray external magnetic field 
with a normally shielded head is held 
to 17 dbm. Motors withstand am- 
bients from —32 to +135 C. Typical 
applications include tape transports. 
turntable drives, missile and aircraft 
instrumentation, computer drum drives, 
viscometers, flow meters and dynamom- 


Circle 236 on page 17> 





Naugatuck PARACRIL OZO 


THE OIL-RESISTANT, OZONE-RESISTANT NITRILE RUBBER 


...tough, oil-proof, weather-proof and colorful, too! 


The samples above should begin to give you some idea 


of the endless color possibilities in ozone-resistant 
rubber products made of new PARACRIL” OZO. Now you 
can give your product color that sells...color that iden- 
tifies for coding wire and cable jacketing...color that 
blends or contrasts...color that works in a hundred 
ways. And you can give your product other superior 
properties, too. 


Along with color, new weather-resistant PARACRIL OZO 
gives you a combination of high abrasion resistance, oil 
resistance, flex life and other valuable rubber properties 
far surpassing conventional weather-resistant rubbers. 

Cast a new eye on the rubber product you make or buy. 
See the difference color makes. See your Naugatuck Chem- 
ical Representative or write the address below for full infor- 
mation on PARACRIL OZO and the advantages it offers. 


Naugatuck Chemical 


242 P Elm Street 


Division of United States Rubber Company Naugatuck, Connecticut 


Rubber Chemicals - Synthetic Rubber - Plastics - Agricultural Chemicals - Reclaimed Rubber - Latices 


CANADA: Naugatuck Chemicals Division, Dominion Rubber Co., Ltd., Eimira, Ontario CABLE: Rubexport, W.Y 





A Gulton “VO" Series 
Button Cell Battery 
powers this Electro-Larynx 
for laryngectomees 


<» Dependable...long- 
oa lived...rechargeable 


This child holds a voice in her hand... the Kett 
Electro-Larynx. A push of a button sets a column 
of air vibrating in her throat, gives sound to 
words formed with mute lips. 


The Electro-Larynx will prove a boon to thousands 
of people who cannot speak for one reason or another. 
To give it a reliable, long lasting, sealed rechargeable 
source of power, Kett Engineering Corp. chose a Gulton 
“VO” series sealed nickel cadmium button cell battery. 


How Can You Use These Batteries? 

Here is a partial list of the many ways imaginative 
engineers are employing Gulton button cell batteries: 
transistorized radios, prosthetic devices, missiles, 
flashlights, photoflash power packs—wherever small size, 
large capacity, light weight, long life, no maintenance, 
complete reliability, and easy recharging are desired. 


Most Complete Line Available 

“VO” cells are available in capacities of 100, 180, 250, 
500 and 1750 mah; have a nominal 1.2 voltage; can be 
packaged in any combination to meet your voltage 
specs. Patented sintered plate construction provides 
exceptional cycling characteristics; highest capacity 
per unit size. Like more information? Write us for 
Bulletin No. VO-110. 


Available from stock— 
GLENNITE BATTERY DISTRIBUTORS 
92-15 172nd Street, Jamaica, New York 


Gulton Industries, Inc. 


Alkaline Battery Division, Metuchen, New Jersey 
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eters. For tape drive an_ integrally 
ground capstan is offered. Hysyn Elec- 
tromotive. Subsidiary of Telecomput- 
ing Corp... 915 No. Citrus Ave.. Los 
Angeles 38. Calif. >504 


SUBMINIATURE 
READ-THROUGH LAMP 


No. 4 incandescent lamp is designed 
for computer use as a light source in 
photoelectric readout application. Suit- 


able also as oa direct) end-on-viewed 
readout indicator. the 2.5-volt. 400-ma 


lamp is less than 'y in. in diam and 


\ 
Ma in. long (based). Lensatic bulb 


concentrates a o'4 in. spot pattern “x 
in. in front of lamp. Available with 
either a brass midget snap-in base or 
as a lamp with wire leads. Tung-Sol 
Electric Inc. 1 Summer Ave... Newark 


MN; J. >505 


MINERAL-INSULATED 
THERMOCOUPLES 


Standard sheaths of thermocouples are 
Type 304 stainless steel and Inconel. 
Insulation is magnesium oxide. alumi- 
num oxide or zirconium oxide in stand- 
ard units. Insulation resistance wire- 
to-wire or wire-to sheath is 1.5 megohm 
men at 500 volts d-c in sizes 0.062 in. 
diam and larger for lengths to 30 ft. 
Standard thermocouple calibrations are 
iron-Constantan. copper-Constantan or 
Chronel-Alumel. OD is 0.040 to 0.375 in, 
Conax Corp.. 2300 Walden Ave. Buf- 
falo 25, N.Y. >506 


ALL-PURPOSE MICA PAPER 


Insulating tape that requires neither 
varnish nor bake treatment during ap- 
plication is available. “Mica Mat” is 
a form-wound coil insulator. Tape uses 
four-layer construction that sandwiches 
ribbons of mica paper and glass cloth 
between two outside films of Mylar 
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BEFORE 


Gear assembly improved. A Waldes Truarc Series 5100 retaining ring in this anti- 
backlash gear assembly eliminates machining and staking operations, reduces hub size, 
and allows easy disassembly, after gears are cut as a unit, for faster, better deburring. 
Typical savings: $350.00 per 1000 units. 


Threaded retainers eliminated. !n this self-sealing coupling, costly internal and 
external threaded retainers were eliminated by easy-to-apply internal (Series 5000) and 
external (Series 5108) Truarc retaining rings. Savings per unit amounted to $4.02. 


BEFORE 


End-cover design simplified. In this general-purpose pump, two Waldes Truarc, 
Series 5000, internal retaining rings make possible the elimination of two cover-plate 
castings (plus machining) and eight screws (plus drilling and tapping). Weight and dimen- 
sions are reduced and assembly and disassembly are greatly facilitated. Typical cost 
savings: $1.48 per unit. 


©1959 WALDES KOHINOOR, INC. 


—~ WALDES 


TRUARC 


oo 
MW. 
4) RETAINING RINGS 


Walides Kohinoor Inc., Long Island City 1, N. Y. 


TRUARC RETAINING RINGS 
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Designing for 
axial assembly 
with Truarc 
retaining rings 


eliminates parts, machining, speeds 


assembly, simplifies maintenance 


The proper application of retaining rings on or 
in axial assemblies can often effect startling 
simplifications and economies in design when 
compared to corresponding designs with con- 
ventional fastening devices. A few typical ex- 
amples, using basic types of retaining rings, 
are shown in the accompanying drawings. 

Threading, tapping, drilling, facing and other 
costly, time-consuming operations can be 
eliminated. Retaining rings are already in wide 
use in a tremendous variety of equipment rang- 
ing from household products to high-precision 
military gear designed for use under the most 
severe environmental conditions. They are 
quickly and simply installed in easily cut grooves 
which can often be machined simultaneously 
with other operations. The rings can frequently 
replace bulkier, more costly fastening devices 
—such as nuts, screws, studs, threaded sleeves 
and retainers, cotter pins, set collars, rivets 
and machined shoulders. 

What’s more, rings frequently make prac- 
tical designs which could be achieved with no 
other known fastening device. 

Although the ring types shown here are basic, 
Truarc retaining rings come in 50 functionally 
different types, as many as 97 different sizes 
within a type, 6 metal specifications and 13 
finishes. You'll find detailed descriptions of 
Truarc retaining rings and assembly tools, plus 
more than 70 typical applications in the new 
24-page catalogue RR10-58. Write for your copy 
today. 

And remember, Waldes engineers are always 
ready to help you solve your application prob- 
lems— whether it involves one of the standard 
Truarc rings or a ‘‘special”’ to fit your particular 
requirements. Waldes Kohinoor, Inc., 47-16 
Austel Place, Long Island City 1, N. Y. 91 


THE ENGINEERED FASTENING METHOD FOR REDUCING MATERIAL, MACHINING AND ASSEMBLY COSTS 
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1 Soar) SS-16 

DP-DOT spring return SP-ST pushbutton, momentary cE Ter ihat ae | lar 1 
0.5-amp. @ 125v ac-dc contact. l-amp. @ 1 3-amps. @ 125v Pr 
U.L. Inspected U.L. Inspected U.L. Inspected 


Ag 


SNEED | SER Toa 
DP-DT miniature 3P-DOT. 3-amps SP-DT. 6 amps. 
0.5-amp. @ 125v ac-dc @ 125v ac. @ 125v ac. 
U.L. Inspected OR ST ace U.L. Inspected 


To 
SP-DOT. 3-amps SP-DT spring return 4-position special 


@125v ac 3-amps @ 125v ac 3-amps. @ 125v ac. 
U.L. Inspected U.L. Inspected U.L. Inspected 


Get This GUIDE TO MODERN SWITCHING b/ 


Ask for 8-page Switch Bulletin RC-11D 
World's largest slide switch line—over 12 low cost 
tandard types—dozens of economical adapta 
tions. NEW colored knobs, Special conventional and 
miniaturized switches designed and produced for 


large quantity users. Electronic Components Division 


STACKPOLE CARBON COMPANY. St. Marys. Pa 
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y 2 | HEAVY DUTY 
. TYPE 
, 4 


‘ 


wl 


polyester insulation. “Mica Mat” in- 
sulation illustrated in photo (right). 
General Electric Co., Schenectady 5, 
N.Y. 

Circle number 507 on page 17 


CABLE RETRACTOR 


Model CR-100 cable retractor has 
double action which maintains con- 
stant tension and proper suspension of 
cable at all times, permitting adequate 


cable length for full extension and 
tilting of a chassis without hazard of 
snagging equipment located in lower 
cradle. \daptable to many types ot 
chassis and drawer slides; adjustable 
to fit varying chassis lengths. Retractor 
mounts on rear support rails on stand- 
ard 1°4 in. hole increments. Material. 
cadmium-plated cold-rolled steel. West- 
ern Devices, Inc., 600 W. Florence 
Ave... Inglewood 1, Calif. 

Circle number 508 on page 17 


| ABSOLUTE AIR 
| PRESSURE SWITCH 


Switch Model RR-58 is suited to ap- 
plication on moving machinery as a 
control or satety device. Component 


monitors a constant pressure over a 


wide temperature range and is stable 
under high shock and vibration. RR-58 
is available in actuating pressure range 
of 5 to 30 psia. Temperature range. 

85 to +400 F: Accuracy +0.5 psi 
from —85 to +185 F. Switches have 2 
psi differential between ON and oFt 
positions. Unit employs snap-action 
switch, SPST or SPDT, rated at 28 
volts d-c, 110 volts a-c and 5 amps 
resistive load. Newark Controls Co., 


15 Ward St., Bloomfield, N. J. 
Circle number 509 on page 17 


SMALL PRESSURE SWITCH 


Model 1590 switch is factory-set to 


| actuate at any desired pressure level 
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GENERAL INSTRUMENT SEMICONDUCTOR DIVISION 


custom made to your needs 


GENERAL INSTRUMENT 


PACKAGED 
ASSEMBLIES 


Silicon Rectifiers 


Silicon and Germanium 
Diodes 


in any shape...in any circuit configuration 


Want semiconductors in a special package? General Instrument 
will make up rectifiers and diodes in any packaged assembly 
needed to fit your specific requirements. Units can also include 
resistors, capacitors, et to produce ymplete circuit packages 


if you desire 


Let us accept the shrinkage and other technical problems an) 
our business and we have the experience and facilities to do a 
superior job. Result will be a compact package virtually unlimited 
in PIV, with all the reliability General Instrument semiconductors 
are noted for. Total cost? Even less than if you developed your 


own package. Write or call today for further information 


. 


Semiconductor Division 
GENERAL INSTRUMENT CORPORATION 
65 Gouverneur Street, Newark 4, N. J. 


Midwest office: 5249 West Diversey Ave., Chicago 39 
Western office: 11982 Wilshire Bivd., Los Angeles 25 


GENERAL INSTRUMENT CORPORATION INCLUDES F W_  SICKLES DIVISION, AUTOMATIC 
MANUFACTURING DIVISION, SEMICONDUCTOR DIVISION, RADIO RECEPTOR COMPANY, INC 

THE HARRIS TRANSOUCER CORPORATION MICAMOLD ELECTRONICS MANUFACTURING 
CORPORATION AND GENERAL INGTRUMENT-F W GICKLES OF CANADA LTO (SUBSIDIARIES) 
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Deluxe makes more coils 


XS -for America’s Industries 


Lt sein the worl 
#2) >~ than anyone else in the wor 


From dimensional stability of components for hi-fi to the rugged 
environmental requirements of the space age, Luxolene coils, 
encapsulated in epoxy resin, provide the needed reliability. 


For specific information on what Deluxe Coils’ Luxo- 
lene production capacity can mean to you—and how 
it can speed your orders—write to Deluxe Coils, Inc., 
Wabash, Indiana, or Phone Wabash - 1720. 


INC. 
WABASH, INDIANA 


DELUXE COILS, 
POST OFFICE BOX 318 . 


Circle 241 on page 17 


mt eT 


eC) Ti 


Cosmo molding methods ROLeRt ecm ER" 


lon bobbins and washers to 
your exact specifications or you can order from a wide variety 
of shapes and sizes carried in stock for immediate shipment 
im np the Lehi hela alia found aie 


ete ell ER tia 


PSTD Tht a aie 


osmo “‘zytel a6 (e071 
* Strength in thin sections * Dimensional 
Secure flanges (one solid molding) ¢ Resistance 
to impact © Resistance to action of many common chemicals 


* Rated for use up to 250 °F eTTT MT Tae al te 


nvestigate the benefits—savinys 


increased production speed 
osmo Nylon Bobbins 


elimination 


We Welcor 


of rejects with ¢ 


ne Your Inquiry 


New catalog and samples on request. 


SALES DIVISION OFFICES 
Arizona, California, Colorado, Connecticut, Ilinois, Massachusetts, Michigan, 
Minnesota, Missouri, New Jersey, Ohio, Oregon, Utah, Washington & 


ae 
CLEVELAND Te Bn Bg 
‘ 
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| 


1000 psi. 


to corro- 


the range of 10 to 


Entire assembly is 


within 
resistant 
sive operating media, such as water- 
alcohol solutions, nitric acid and hydro- 

Switch weighs 21% oz 
3 x 0.937 in. OD; ambient 
temperature +300 F: 
pressure range. 10 to 4000 psi. Versions 


gen peroxide. 


max: size, 


range, 65 to 


capable of sensing absolute pressures 
are available. Haydon Switch. Inc.. 
Waterbury 20. Conn. 


Circle number 510 on page 17 


HIGH-TORQUE FASTENERS 

Offset recess bolts are capable of with- 
standing up to 300 in.-lb of torque per 
14-28 thread using 160.000 to 180.000 
pst alloy steel. \er-0-Torg recess bolts 


can be seated with standard driving 
equipment fitted with offset bits. Units 
furnished as 


can be machine 


bolts or 


screws, 
Offset 
bolts to be un- 


self-tapping screws. 


recess allows frozen 


seated without reaming or cam-out. 
Sizes available range from 2-56 up to 
| in. diam, in standard metals as well 
as A-286, Inconel X= and _ titanium 
Bl20VCA,. Aer-O-Line Mfg. & Supply 
Co.. 3110 Winona Ave.. Burbank, Calif 


Circle number 511 on page 17 


LIQUID-TIGHT 
JUNCTION BOX 
“si; 


either as junction boxes or wiring de- 
Wiring 


bodies of one-piece 


Series of boxes may be used 


vice boxes. boxes have. steel 


welded construc- 
tion with no sharp edges or corners: 
OD is 4% x 25% x 2! 
are supplied with various conduit con- 
blank with no 


1 in. deep. Boxes 


nectors, conduit hubs o1 
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You get an eatra measure of design freedom with 
.»» POWDERED PERMALLOY FILTOROID®’ CORES* 


The high permeability and low core loss of pow- 
dered permalloy Filtoroid cores can remove design 
roadblocks for you. You can build extra frequency 
stability into filter networks with these cores. 
Their permeability remains stable with changes in 
time and flux levels. Distortion factors are held to 
a bare minimum. Temperature coefficient of in- 
ductance is tightly controlled. 


There’s extra design flexibility for you, too, in 


the broad range of Filtoroid cores available. 
They’re made in three standard permeabilities— 
150, 125 and 60—in sizes up to 1.570” O.D., all 
carried in stock for immediate shipment. 


Our engineers are ready right now to help you 
select the proper Filtoroid core for your filter 
circuits. Write or call for a discussion of your 
needs, or send for Bulletin G-1. 


“MADE UNDER A LICENSE AGREEMENT WITH WESTERN ELECTRIC COMPANY 


ETALS 


transformer laminations « motor laminations + tape-wound cores 
powdered molybdenum permalloy cores + electromagnetic shields 


MAGNETIC METALS COMPANY * Hayes Avenue at 21st Street, Camden 1, N. J. 
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knockout. Box covers have captive 
A NEW TYPE a i screws and neoprene gaskets. Cover 
available with large device hole o° 


OTL Say NOIDA Welngon Aves Ching 15. i a 
THUMB NUTS: SCREWS 


MAGNETIC SWITCH 


with G@RC’s exclusive ee Sel so 


epoxy resin shell. MH-2-P switch fea- 


ures a quic -( iIsconnec ‘annon rlug. 
WIDE GRIP feature | es eagle 


a 
ae” 


Minimum magnetic field transient time 


OTHER GRC FASTENERS: 


Head nO Die Cast Zinc Alloy Molded Nylon 
esd ee - Wing Nuts. Cap Nuts Screws. Washers of 8 millisec needed to activate switch. 
No. 4 aoe 7/16" Wing Screws. Rivets Screw Insulators 


Operating life in excess of one billion 
Proof zinc alloy at ——ar. & : 


te operations. Magnets shown at lower 
; ; iil 
Mass produced in cust = Write Now for prices and 

— 


i ee W right of illustration. Electronic Prod- 
oes ° AY ; 7 . nt 
a ~~ oa GRC's New Fastener Catalog. co ucts Div.. Post Machinery Co... 175 
product generous width tops have deep flu- > i. Eliot St.. Beverly. Mass. 

ted edges for firm, comfortable grip. Closed eae , 

or open end nuts. I-pc. die cast or 2-pc. assem- World's Foremost Circle number 513 on page 17 
bled screws with and without shoulders. 


Produces of Sman 
Ore Castings 


TRANSISTOR TRANSFORMERS 

GRIES REPRODUCER CORP. ae : 
149 Beechwood Ave., New Rochelle, N.Y. © NEw Rochelle 3-8600 Miniature shielded 
Circle 244 on page 17 


Ml-rehrabilty 


THERMISTORS 


VECO is the approved source for 


leading missile manufacturers 


transistor trans- 
formers in Mumetal enclosures which 
provide hum pick-up reduction of ap- 
proximately 20-30 db are available in 


Remember, HI-RELIABILITY, comes only from experience and know-how and VECO 
has years of manufacturing and design experience in solid state electronics, a seasoned staff 
of engineers and a rigid quality control system. 


MIL-AG construction 1 in. sq by 1%, 
HI-RELIABILITY is yours for the asking—write for the VECO Technical Catalog with in. high, or in cylindrical construction 


data on more than 650 stock items—Manufactured to MIL-9-5923 and other applicable MIL 4s diam by 1%¢ in. high. Units are 
standards. supplied with high-compression glass 
: a | or ceramic terminals. Microtran Com- 
VECO glass enclosed thermistors are not adversely affected by radiation. saan. tai, ee Gee, HY. 

VECO also manufactures varistors, electtonic controls, gas analysis cells, combus- Circle number 514 on page 17 
tion analyzers, electronic and thermal instruments, medical and biological instru- 
mentation and temperature sensing devices. ™ | MINIATURE INDUCTOR LINE 


Inductors provide inductance values 
from 0.15 to 1000 microhenries. Size, 


NECP 46 long x *46 in. diam. Powdered iron 
bY sETOR 109 Springfield Road, Union, N. J. | coil form with axial leads forms an 
\ © qmeimetaine Conpoeation MUrdock 8-7150 open magnetic circuit. Inductance vari- 

ation with temperature, +2 per cent 





Cataloged in EEM Sec. 4700 and Radio Master 
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Branches: ATLANTA, GA. 


JANUARY 


the EYELET 
HUNT 


Simplity design 
peed production 
ave money 


You can speed eyelet selection and application, 
and save yourself countless hours of design and 
production time by using the United system 

of Standardized Sizes. Our records of more than 
20 years prove that most eyelet work can be 
done with only 7 United Standardized diameters. 


Use UNITED Standardized Sizes 


same tools 


Only 7 sets of tools for all 6S sizes 
All eyelets in each column set by 


What United Standardized Sizes Mean. To simplify 
production tooling costs, Standardized Sizes are of- 
fered in increments of }%” in both diameter and 
length. The range is from 2%" to %” in diameter, 
and from 2%" to !4%” in length. Within this system 
there are 65 sizes carried in stock by the millions, and 
are immediately available through our branch offices 
listed below. 


How You Profit from this System. These Standard- 
ized Sizes conform to standard drill and punch sizes. 
Only 7 sets of United setting tools will set all 65 
sizes! This cuts tooling costs, saves set-up time, re- 
duces inventory, and cuts the cost of both the fastener 
and the setting operation. Our high volume of Stand- 
ardized Sizes makes these the lowest cost fastener 
you can use. 


Your Pius from Us. In addition to the advantage 
of using Standardized Sizes, we offer a tremendous 


LYNCHBURG, VA. * MILWAUKEE, WISC. * NASHVILLE, TENN. 


1960 
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*The diameter given indicates the size hole 
tor the eyelet 
These eyelet numbers are descriptiwwe For 
example 
in SE-611. the SE means Standardized 
Eyelet 
Vhe first number (6) indicates Barret 
Diameter (6/32") 
the number or numbers which totlow 
indicate Barrel Length (11/32") 
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ry 
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range of special eyelets, and a complete line of the 
finest eyelet machines available. These machines are 
backed by more than 50 years’ experience in the de- 
sign and manufacture of precision, high volume, de- 
pendable production machinery. We build equip- 
ment that will automatically feed and set up to 8 
sometimes in different 


eyelets or more at a time 
sizes and lengths. 


Call or write us today and investigate without 
obligation how you can benefit by using United as 
your source for both eyelets and eyelet machines. 


Free Eyelet Selector helps decide which eyelet 


you need for given hole size and grip. 


UNITED SHOE MACHINERY CORPORATION 
BOSTON 7, MASf4ACHUSETTS 


* PHILADELPHIA, PA. * ROCHESTER, N. Y. 
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IF YOUR PRODUCTS HAVE TUBULAR PARTS | 


THEN CONSIDER LOW-COST 


CLEVELITE’ 


laminated phenolic tubing 


ofl 


lighter than aluminum 
structurally strong 
moisture resistant 
in 7 Distinct Grades 


Engineers are discovering that 
time-tested Clevelite has many ad- 
vantages in products using tubular 
parts, and at lower unit cost. These 
advantages are proven daily on 
the production line and in the field. 


TYPICAL APPLICATIONS FOR 


CLEVELITE* 


Coil forms for radio and television 
sets...Insulators for electrical 
equipment...Bushings and spacers 
for small motors ... Cores for trans- 
formers ... Housings and barrels 
for toys... Bobbins, dyeing cores, 
etc., for the textile industry... PLUS 
many other unique applications. 
we 
Write for a copy of our descriptive brochure. 
*Reg. U.S. Pat. Off. 


THE CLEVELAND 
CONTAINER 
CANADA, LTD. 
TORONTO & 


CLEVELAND CONTAINER 2s. 


COMPANY . 


PLANTS & 
SALES OFFICES: 


CLEVELAND 
DETROIT 
CHICAGO 
MEMPHIS 
LOS ANGELES 
PLYMOUTH, WISC. 
JAMESBURG, N. J. 
FAIR LAWN, N. J. 


NEW YORK 
WASHINGTON 
MONTREAL 


ABRASIVE DIVISION at CLEVELAND, OHIO 


REPRESENTATIVES: 

NEW ENGLAND: R. S. PETTIGREW & CO. CHICAGO AREA: McFARLANE SALES CO 
10 N. MAIN ST., W. HARTFORD, CONN. 5950 W. DIVISION ST., CHICAGO 

NEW YORK AREA: MURRAY SALES CO. WEST COAST: COCHRANE ELECTRONIC SALES CO 
604 CENTRAL AVE., EAST ORANGE, N. J. 544 S. MARIPOSA AVE., LOS ANGELES 


PHILADELPHIA: MIDLANTIC SALES CO CANADA: PAISLEY PRODUCTS CO. LTD 
9 E. ATHENS AVE., ARDMORE, PA 36 UPTON RD., SCARBOROUGH, ONT. 
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+125 C typical. Indue- 
tance variation from zero to rated cur- 
rent, 1 per cent typical. Inductance 
tolerances are 2, 5 and 10 per cent. 
Jeffers Electronics Div., Speer Carbon 
Co., St. Marys, Pa. 


Circle number 515 on page 17 


from 55 to 


METALLIZED CAPACITORS 


Series 26MM Mylar capacitors operate 
over a temperature range of —55 to 
+-125 C without derating. Capacitance 
values offered from 0.01 to 10.0 xf. 
Power factor, less than 1 per cent (1000 


eps and 25 deg C) for 0.03 to 1.0 uf. 
Insulation resistance, greater than 30,- 
000 megohms/yf at 25 C. Size ranges 
from %g diam x % in. long to 1 in. 
diam x 21% in. long. Westco Electrical 
and Manufacturing Co., 27 Olive St., 
Greenfield, Mass. 

Circle number 516 on page 17 


RESISTOR-CAPACITOR 
CONTACT PROTECTOR 
RC unit is a metallized paper capacitor 
with the resistance in the metal layer 
utilized series resistance to the 


capacitance. Size is 1 x % in. diam. 


/“ 


as a 


Standard 0.25-~f unit is offered in 
three resistance ranges: 200, 350 and 
600 ohms for operation to 200 volts 
d-c. Other units up to 1 pf are avail- 
able. Arc suppressor does not prolong 
operate and release time of relays. 
Presin Co., 2014 Broadway, Santa 
Monica, Calif. 

Circle number 517 on page 17 


SILICON RECTIFIERS 


High-voltage silicon “tophat” rectifier 
Series BR/1N2772-2781 consists of a 
pair of cells which are double-diffused 
junction type. PIV of “Siamese” series 
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27 Volt DC shunt wound air- 
craft motor qualified to speci- 
fication MIL-M-8609A (ASG) 
for small high speed pumps. 
Frame 17. x 1% 


Impact drill motor for putting 
threaded inserts in concrete. 
Designed to withstand heavy 
vibration. Frame 3'Vig x 1% 


Two-stage helical gearmotor 
with crank on output shaft to 
Operate circuit breaker. 
Frame 2% x 12 


Yq Horsepower motor with 
two-stage fan, Underwriters’ 
labeled for explosion-proof 
vacuum cleaners. 


Differential planetary gear 
train allows for unusually 
compact design in this minia- 
ture gearmotor for business 
machines. Frame 1% x "6 


NEW! 


8-page Folder describes 
these and other Lamb 
Electric motors. Send for 
your copy. 
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SPECIAL APPLICATION 


FRACTIONAL HORSEPOWER 


MOTORS 


We work so closely with customers 
that many consider our facilities a part of their 


Own operations. 


In addition to direct field contact through District 
Engineers, customers are welcome in our plant to 


consult with various parts of our organization. 


Close cooperation of our staff with your 
purchasing and engineering departments can mean 
improved dependability of your motor-driven 
product, reduced weight, greater compactness 
and delivery of production quantities on time 


and at the lowest possible cost. 


THE LAMB ELECTRIC COMPANY - KENT, OHIO 


A Division of American Machine and Metals, Inc. 
in Canada: Lamb Electric—Division of Sangamo Company Ltd.—Leaside, Ontario 


Lamb Elechiéc 


SPECIAL APPLICATION MOTORS 
FRACTIONAL HORSEPOWER 
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SPECTROL’S new PRECISION MECH- 
ANISM —a velocity servo—is more than 
just another interesting shrink job. It’s 
useful. It can go anywhere you need an 
ultra-miniature, precision speed control 
device. 

First, the package. It measures only 12 
x 1% x 3 inches. In a space that would 
give a sardine claustrophobia, Spectrol 
engineers squeezed a solid-state amplifier, 
a servo-motor, a gear train, and a very 
special, condensed ('2-inch long) poten- 
tiometer and switch. 

The pot has four electrically isolated 
wipers, all riding 90° apart on the same 
coil. The switch, in the same pot housing, 
has four wipers riding on an alternately 
conducting and non-conducting surface. 


THE FUNCTION: The servo accepts dc 
signals varying between +10 v from a 
computer to drive the pot in such a man- 
ner that speed is directly proportional to 
the dc signals. 


THE APPLICATIONS: Here’s an ex- 
ample: tied to an airborne computer, the 
Spectrol servo will drive a scope in the 
cockpit of one of the nation’s hottest 
aircraft. The object: to give the pilot a 
visual, three-dimensional analog of ‘his 
position. Actually, the servo will drive 
anything—resolvers, synchros, tachs, 
other pots and switches. It’s a complete, 
ready-to-go package you can put into 
your system as is. 
This is another example of how Spectrol 
PRECISION MECHANISMS free the systems 
engineer from building functional sub- 
assemblies using components such as gear 
drives, clutches, precision potentiometers 
and servomotors. If you need modules 
combining any of these components in 
a single specification —Spectrol can help. 
For more details, call your Spectrol engi- 
neering sales representative, or address 
Dept. 171. 

18 


ELECTRONICS CORPORATION 
1704 SOUTH DEL MAR AVE. * SAN GABRIEL, CALIF. 
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1600 volts, with 
max at 25 C. 


Forward voltage drop, 1.8 max; reverse 


from 700 to 
d-c output of 750 ma 


ranges 


leakage factor, 4 pamp: recovery time. 
OD, *%¢ 
in. Bradley Semiconductor Corp.. 275 
Welton St... New Haven 11, Conn. 


Circle number 518 on page 17 


DIGITAL COMPONENTS 


Solid-state flip flops and binary dividers 


5 psec. Body length, IM in.: 


operate at speeds to 1.2 me. Types 24 


) 


through 27 consist of high- and low- 


frequency binary dividers and a mono- 


Pe 


=. 


stable Units operate to 
60 C; also meet MIL-T-21038, Grade 
5, Class Q, Life Expectancy X, with 
respect to materials, workmanship and 


multivibrator. 


design features. Cases are 
epoxy resin filled with 
hook terminals. MF Electronics Co.., 
122 FE. 25th St., New York 10, N. Y. 
Circle number 519 on page 17 


RADIO-INTERFERENCE 
FILTERS 


Line of interference filters for military 
electrical and 
port 


general 
wire leads or 


electronic ground-sup- 


equipment features construction 


and electrical characteristics of MIL-F- | 
illustrated is a | 


15733C filters. Filter 
three-phase 10-amp, 115-volt, 60 to 400 
cps unit. Other types include single- 


and three-phase 120-volt and 240-volt, | 


(Continued on page 248) 


STRAITS 


TIN 
REPORT ~s 


News of developments 
in the production 


and uses of tin 
BUREAU 


Nontoxic, inert, malleable — all 
three are descriptive of tin. One of 
man’s oldest metals, it is still vital in 
our modern economy. For example — 


For product protection, 60.7% of all 
tin consumed in the U.S. is used in 
tinplate, largely for 
containers. 135 industries package a 
total of over 2500 products in more 
than 42 billion cans annually! 


manufacturing 


For joining and sealing, 14.8% of all 
tin used is in alloy with lead to form 


solder. 


For strength and corrosion re- 
is consumed in the tin- 
copper alloy, bronze. 


sistance, 6.5% 


For anti-friction properties, 4.1% is 
consumed in the high-tin/lead alloy, 


babbitt, generic for bearing metals. 


For protective coatings, tinning ac- 
counts for 3.9%. Hot-dipped tin pro- 
vides a smooth, 
particularly adaptable for food pro- 


reflecting surface, 


cessing equipment. 


For castability, white metal — 
alloys of tin, antimony, lead, bismuth, 
and copper — account for 3.2% of 
U.S. tin consumption. 


Miscellaneous alloys use 4.2% ; chemi- 
cals, 1.1%; and collapsible tubes, 


1.5%. 


There's no substitute for tin 

. and no substitute for Straits Tin 
from Malaya — recognized standard 
for quality and uniformity, available in 
reliable supply from sizeable reserves. 


Write today for more 
data on these items or 
tor a free subscription to 
TIN NEWS—a monthly 
bulletin on tin supply, 
prices and new uses 


Malayan Tin Bureau 


14A 2000 K Street 


The 


Washington 6, D.C 
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help give BLACK & DECKER 
INDUSTRIAL TOOLS 
power, long life, 


maintenance-free service 


For more than forty years Black & Decker electric tools have 
been recognized by users as the most dependable and adequate 
tools of their kind. This reputation has been earned through 
rigid quality control, intensive research, testing and design 
engineering. To help make these tools first in performance and 
% HP Heavy en ee ‘ . 
Sete aie . de. quality the world over, Black & Decker specify 
USG motor brushes. (Some of the industrial electric tool 
#63 Heavy Duty 2 ‘ 
Portable Saw applications are pictured here.) 
United States Graphite Company (USG) brushes are giving 
excellent service not only in Black & Decker products, but also 
in hundreds of installations, large and small, throughout 
staneniiiiane industry. Because the brushes in any electric powered unit are 
ae so vital to the long life, power and maintenance-free 
service of that unit, it pays to specify USG brushes 
of carbon, carbon-graphite, electro-graphite, graphite, 


metal graphite or silver graphite. 


Write for catalog B-56 and the USG 
grade list. Most of the information 
necessary to design engineers is con- 
tained in these two books. 


5” Portable Grinder 


vy B-246-1 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION, SAGINAW 8 MICHIGAN 
GRAPHITAR® carson-crarnite * GRAMIX® powoer metaLturcy *MEXICAN® crapHite Prooucts © USG® srusues 
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SHARONART* — 


a new idea in steel...sparks a new idea in 


Vending machines can now stay brighter, 
newer, longer...thanks to amazing 
new Sharonart*. 

Believing few machines are subject to 
the abuse received daily by the vending 
machine, nationally famous designer Peter 
Schladermundt recognized the many ad- 
vantages Sharonart* would impart to this 
hard working equipment. 

Sharonart* is patterned steel at its 
finest . . . and the many pattern combi- 

Famed designer nations present a new plateau for the 
. machine designer.He can now make model 
Peter Schladermundat changes simply by altering steel patterns. 
creates new machine concept But more important, Sharonart* resists 
‘ marking and now vending machines will 
using New Sharon Steel. be able to absorb much more punishment 
without losing their attractiveness. Too, 
with modern painting techniques, manu- 
facturers are able to achieve smart, new 
color combinations to give their product 

even greater beauty and sales appeal. 
Wherever functional beauty and long 
life are desired, Sharonart* is the one 
perfect metal. For additional information 
write Sharonart, Sharon Steel Corporation, 

Sharon, Pa. 


Aside from designing the vending machine of 
Sharonart*, Peter Schladermundt has created an 
entire new process of machine vending. By de- 
veloping special racks, machines can be easily 
added and removed according to demand, and/or 
for refilling. Rack could be made as a fixed wall 
type, or as an island, with machines operated 
from both sides. Machines could be hung in- 
dividually or doubly, saddle style. 


Note: The vending machine idea illustrated 
on these pages is not now a manufactured 
product. It is a design only. *TM 


SHARON “4 STEEL 
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FOR 


CUSTOM RUBBER PARTS 


/ 


gear 


OIL AND GAS...SPECIFY STALWART! 


Shown above are custom rubber parts 
that exemplify Stalwart's total produc- 
tion capabilities and design versatility. 
Produced to meet customer specifications, 
complex configurations are molded, ex- 
truded, cut, calendered and spliced from 
special compounds to provide the ulti- 
mate in part quality, performance relia- 
bility and production economy. And you 


8762-SR 


THE WORLD'S 
LARGEST PRODUCER 
OF SILICONE 
CUSTOM RUBBER PARTS 


TALWART 


RUBBER COMPANY 


Circle 253 


get a big bonus in service with every order 
...from the time you request a quotation 
... through the design and compounding 
stages ... right down to prompt delivery. 
Stalwart produces rubber parts from all 
types of natural and synthetic rubber, in- 
cluding new Viton. Check with Stalwart’s 
Plastic Division for injection molded 
parts to meet those very requirements. 


Send for your 
copy of the 
new Stalwart 
Catalog. 


The Stalwart Rubber Company 
197 Northfield Road + Bedford, Ohio 
Plants in Jasper, Ga., Warren and Bedford, Ohio 
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60 to 400 cps units with 5 to 100 amp 
ratings. Single and dual units for 28- 
volt d-c power lines are rated at 5 to 
300 amps. Genistron, Inc., 230] Fed- 
eral Ave., Los Angeles 64, Calif. 
Circle number 520 on page 17 


POWER TRANSISTOR 
INSULATOR WAFERS 


Hard-anodized aluminum wafers may 
be used for electrical insulation, yet 
provide good thermal conductivity in 


PF Ke 
eae 


applications where power transistors 
must be isolated from the chassis on 
which they are mounted. Thermal con- 
ductivity, 0.3 deg C temp rise /watt/mil 
with Hardas coating (mica is 1.25 deg 
C temp rise/watt/mil). Electric 
strength, 500 volts min per ASTM 
110-45. Insulating film, basically alumi- 
num oxide with file hardness approx; 
abrasion resistance comparable to hard 
chrome and case-hardened steel. Wafer 
thickness, 0.022 in. approx. Wafers 
available for round-, square-, and dia- 
mond-base transistors. | Monadnock 
Mills, 1977 First Ave., San Leandro, 
Calif. 

Circle number 521 on page 17 


PANEL-MOUNT 
INTERVAL TIMER 


Timer is available in ranges from 1 sec 
to 3 hr. Started from a momentary 
pulse, Model PAF has a load rating of 
15 amp at 115 volts, 60 cps non-induc- 
tive. Timer automatically resets at end 
of pre-set cycle; reset time, less than 
0.02 sec regardless of time 
Twelve models available with overall 


cy cle. 


cycles of 1 sec (minimum setting, %o 


sec) to model with time cycle of 3 hr 
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ELECTRICAL PORCELAIN 


Oe tiny UWNIOIMVAXK 
SUBMINIATURE 
SWITCHES 


TERMINAL 
STYLES 


To your 
blueprints 
and 
specifications 


New Jersey 
PORCELAIN 


COMPANY . s 
New York Ave. and Plum St., integral 


P.O. Box 908, Trenton 5, N.J. e 
with 


Circle 254 on page 17 


New Low-Cost | switch 


PLUG & RECEPTACLE © acum, eomtaets 


with .058-inch hole. 
$? Just hook in end 


of wire, then solder. 


Single-turret lug; 
a made flat so wire won't slide around 
in assembly 
for soldering. 


Double-turret flat lug — 
See” allows use of terminal 
— as junction point. 


NO.1055-15 . ° . e 
Printed-circuit terminal; 


15 circuit fast-simple ‘ 
unit shown assembly has hole for connecting 
CUSTOM eeouirements \ si component leads 
AT STOCK UNIT COST! terminate beneath wiring board. 
Unique molding method permits enap-ellp Quick-Connect 


4 

from 3 up to 60 circuit combina- panel mounting RB, male terminal 4 
*, 

7 


tions made to your needs. Plug or < for snap-on wiring. 
receptacle accepts male and female terminals SS 


#1} Tote 
: . 7 tomaticall , 
terminals. Minaturized— crimped _— 
a 15 circuit unit is only to wires ; 
3/4” wide and 1-1/16" ' Write for catalog that gives details 
long. ie rdction | Of UNIMAX subminiature switches. 
125/250 V a-c 


} Mout FRopucts COMPANY | UNIMAX SWITCH 


9530 SOUTHVIEW AVENUE, BROOKFIELD, ILLINOIS IVES ROAD, WALLINGFORD, CONNECTICUT 


HUnter 5-5881 
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CABLE-bility 


ENGINEERING service 


when you need it! 


AMPHENOL Cable & Wire Division makes over 140 
RG-/U coaxial cables, but even this large selection can- 
not meet all the needs of the electronics industry. Here 
are recent examples of AMPHENOL engineering 
Cable-bility, cables designed and produced to special 
customer needs: 


1. Low Capacitance, low loss cable using Polyfoam® 
dielectric—to maintain excellent electrical prop- 
erties under adverse mechanical conditions. 


. Low Loss, high power, flexible Teflon-tape cables 
for electronic counter-measures equipment. 


. Semi-solid Teflon version of RG-63/U for use in 
a production ICBM. 


. Pressurized cable with flexible metal-hose jackets. 


. Ultra-high Temperature cables, including one de- 
sign that operates at 1000°F continuously. 


Assistance in design problem areas 
is another way in which AMPHENOL 
Cable & Wire Cable-bility can help 
you! 


CABLE & WIRE DIVISION 


S. HARLEM AVE. at 63rd ST., CHICAGO 38 
AMPHENOL-BORG ELECTRONICS CORPORATION 


Circle 257 on page 17 


| 


(minimum setting, 3 min). Repeat ac- 
curacy, +3 to +5 millisec over com- 
plete 1 sec scale. Industrial Timer 
Corp., 1407 McCarter Highway, Newark 
ee Pe 

Circle number 522 on page 17 


FLOATING-BASE 

COMPUTER TRANSISTORS 
Transistor Type 2N1356 is a floating- 
base replacement for Type 2N396A, 
a p-n-p germanium alloy junction unit. 
Specifications and mechanical dimen- 
sions are identical except that three 
leads are insulated from case. Also 


available in series are Types 2N1353, 
2N1354, 2N1355 and 2N1357, which 
are floating-base replacements for 
Types 2N384, 2N395, 2N396 and 
2N397. All units meet electrical, mech- 
anical and environmental requirements 
of MIL-T-19500A and MIL-S-19500B. 
Industro Transistor Corp., 35-10 36 
Ave., Long Island City 6, N.Y. 

Circle number 523 on page 17 


GAS TRIODE INDICATOR 


Miniature grid-controlled _ indicator 
1GT7 is designed for transistor moni- 
toring service. Can be operated as a 
conventional thyratron and used in re- 
lay control circuits, or applied to cir- 


cuits requiring electrical memory com- 
bined with visual readout. Indicator 
mounts in 2% in. hole; overall length, 
2.230 +0.030 in. Gas triode KP-145A 
filament, 2.5 volts a-c at 300 ma. 
Typical operation: anode, 120 volts 
a-c or 85 volts d-c; anode series 
resistor, 120 k ohms; grid triggering, 
0 to —6 volts. Eldema Corp., 1805 Bel- 
croft Ave., El Monte, Calif. 

Circle number 524 on page 17 


COMBINATION LOCK SWITCH 


Combination switch is normally open, 
but upon dialing proper combination, 


Circle 258 on page 17> 





OF OPERATIONS 


with 
Allen-Bradley 
Limit Switches 


There’s nothing now on the market 

to match the reliability and trouble free 

performance of Allen-Bradley Bulletin 

802T limit switches. They are 

completely oiltight—operating heads iz 

and switch bodies are sealed against : 

oils, coolants, and metal chips. 

Operators cannot become sluggish or 

“stick” in operation—contacts cannot 

become fouled. The double break, 

silver contacts are always in 

perfect operating condition—and 

remain so without maintenance. a 
Insist on Allen-Bradley—the quality Ve 

line of limit switches that will give you % 

many more millions of trouble free operations. 


an 7 cS ; 7 5 90 al 
Bulletin 802T Micrometer Adjustment Roller Lever Limit Switch am > Fae ai 


A-B Limit Switch features mean more life, more dependable trouble free service 
| / 


| 
| 
+ 
| 


REPETITIVE ACCURACY — Unique tog- FLEXIBILITY — All operating heads can FRONT MOUNTING REAR MOUNTING 
gle blade action assures operation at be rotated and fastened in any of four All Allen-Bradley Limit Switches can be mounted 
precisely the same point each time, positions 90° apart, either from the front or from the rear 
without adjustment, oi 


1-60-MR SEE OTHER SIDE FOR TYPICAL APPLICATIONS———> 


ALLEN -B AWW) ORG Beet 


PUA aN Pe ON TROL 





Allen-Bradley has an 
Oiltight Limit Switch 
to meet your exact needs! 


Duplex limit switch where 
block can also trip second 
switch for safety insurance. 


Adjustable roller lever 
switch. Lever set for operation 
at greater than normal distance. 


— 
FD 


Cat's whisker limit switch 
is actuated by movement of 
lightweight units on conveyor. 


Side roller limit switch, as 
illustrated here, is being ac- 
tuated by a rotating cam. 


ALLEN-BRADLEY- 


Member of NEMA 


Top push roller limit switches 
are frequently operated by 
rotating cams on machine tools. 


Fork lever maintained con- 
tact switch—adjustable dogs 
trip one roller in each direction. 


Rollerlever limit switch— 
Here it is operated by dog 
on vertically moving shaft. 


@aenseaaa=> 


Neutral position switch— 
moving bar closes separate 
contacts as it moves each way. 


Micrometer adjustment 
switch for precise setting of trip 
point in machine tool operations. 


QUALITY 
MOTOR 
° CONTROL 





the circuit is closed. Contact rating is 
125 volts a-c or d-c at 1 amp. Dial avail- 
able with either three- or four-number 
combination with one, two or four cir- 
cuits. Finish is chrome and black or 
gold anodized and black. Applications 
include locking control systems and 
machine tools. Size: 24% in. OD, dial 
extends 1 in. above mounting surface 
and 114 in. to rear. Electro Dial, Ine., 
14710 Raymer St., Van Nuys, Calif. 


Circle number 525 on page 17 


CERAMIC-BASE 
POWER RECTIFIER 


Silicon power rectifiers in an !¢-in. 
hex base configuration are constructed 
with an alumina ceramic disk mounted 
between top-hat assembly and hex base. 


Rectifiers are available with ratings up 
to 20 amp at 150 C case temperature. 
Voltage range, to 600 volts at 60,000- 
ft altitude. Ceramic-base rectifiers also 
supplied in 1%-in. hex base at lower 
ratings. Transitron Electronic Corp. 
168 Albion St., Wakefield, Mass. 
Circle number 526 on page 17 


INSTRUMENT LAMP SHIELD 


Two all-metal lamp shields for the T-3 
14 lamp used in pilot lights and other 
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for latest 34 HP 
motor control 
Gerald K. Helle: 
Company specifies 
Electrons 
xenon thyratrons 
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ROYAL 
~ POWRIZED ™ 


make your product 
assemble easier... 


look better. . 


“Powrized” conductor ends are furnished 
tinned, stripped, or with terminals—to your 
specs—for speedy, cost-cutting assembly. 
Strain reliefs for stock or special designs are 
molded directly to the cord. Dimensions are 
precisely controlled to fit your assembly hous- 
ing, and meet industry pull-test requirements. 


“Powrized” cord sets are a perfect complement 


to your product styling. There’s a rainbow of 
matching cord colors...and an unlimited 
variety of handsomely-designed caps and con- 
nectors—stock or custom—to blend beauti- 
fully with the design of your product. 


For extra brand name merchandising, Royal 
will mold your company trade mark into caps 
and connectors. Moreover, “Powrized” cord 
sets can be coiled, wrapped, or packaged to 
form a compact, attractive part of your 
product. 


perform longer... 


In California: 


254 


Electric Cords & Supply Corp. 
413 E. 3rd St., Los Angeles 13 


Royal has the right combination of power 
supply cord materials —rubber, neoprene, 
plastic or braided jackets with molded-on 
caps, connectors, strain relief or special attach- 
ments. Also, a wide selection of cord lengths, 
ratings, sizes . . . 2- and 3-wire caps to meet 
your exact specifications for safe, dependable, 
long-lasting performance. 


WRITE FOR COMPLETE FACTS —OR ASK 
TO HAVE OUR REPRESENTATIVE CALL. 


ROYAL ELECTRIC CORPORATION 
PAWTUCKET, RHODE ISLAND 


In Canada: 


Royal Electric Company (Quebec) Ltd. 
Pointe-Claire, Quebec 


Circle 260 on page 17 








instrument lighting are of spring-type 
brass, cadmium plated, and fit directly 
on the glass portion of the lamp. They 
come in straight and flared styles, with 
aperture for controlling lamp beam. 
Amatom Electronic Hardware Co., Inc., 
88 Drake Ave., New Rochelle, N. Y. 
Circle number 527 on page 17 


SAFETY SWITCH 


A “tip-off” safety switch has contacts 
which open when the switch is tipped 
more than 45 deg from vertical. Actua- 


tor of switch contacts is a_ pivoted 


steel pendant that tends to maintain 
a vertical position at all times, regard- 
less of switch position. Switch uses 
stainless-steel contact springs with 
spot-welded silver contacts. Available 
with spade-type or screw-type  ter- 
minals. Contacts rated at 15 amps, 118 
volts, or 8 amps, 236 volts. Bryant 
Electric Co., Bridgeport 2, Conn. 
Circle number 528 on page 17 


ADJUSTABLE 
TIME-DELAY RELAY 


Delay times of relay are set by means 
of an external screwdriver adjustment. 
Time ranges available, 50 millisec to 

sc and 2 sec to 50 sec. Units may 


be delayed pull-in or delayed drop-out. 
Recycling is instantaneous, even if units 
are de-energized before timing cycle 
is completed. Solid-state control circuit 
assures operation from —55 te +71 C; 
accuracy, +10 per cent of nominal; 
input, 18 to 24 volts d-c at 2.6 watts. 
Master Specialties Co., 956 E. 108 St., 
Los Angeles 59, Calif. 


Circle number 529 on page 17 
EXPLOSIVE SWITCH 


Low-energy transfer switch closes a 
NO contact and opens a NC contact 
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D-C DRIVES He 
Tey or 
PRECISE CONTROL 


Problem: How to coordinate two or more machines 


for greater production flexibility, lower costs 


Operating at high speeds, working to close tolerances, 
meeting high-quality standards, today’s machines 
must be controlled accurately. This is one of the 
reasons users and designers are making greater use of 
direct-current drives for coordinating two or more 
machines in multi-section process lines. 
MACHINE COORDINATION IS A NATURAL JOB FOR 
DIRECT-CURRENT POWER. For direct current can best 
provide the accurate speed matching and extra meas- 
ure of control needed for high-speed, automatic con- 
tinuous processing. 

D-c’s flexibility allows each individual drive motor 
to be run at the exact speed demanded by the section 


of the process it drives. Increased output, better quali- 
ty control and production flexibility lower the cost per 
unit of production. 


To learn more about the modern capabilities of 
direct-current power, write for your free copy of 
“WHY D-C?”, Section 829-3, General Electric Com- 
pany, Schenectady 5, New York. 


Progress /s Our Most /mportant Product 


GENERAL @@ ELECTRIC 


SELECT FROM GENERAL ELECTRIC’S COMPLETE LINE OF D-C DRIVES 


MOTORS AND GENERATORS 


* 
Circle 261 on page 17 





POWER UNITS AND CONTROLS 


' Cleveland Tool 


;case F*..! 


Reliability and quality | 
Hevey assured to 001" 


CTD PRECISION SECTIONAL DIES 
ASSURE QUALITY OF TEXAS 
INSTRUMENTS TRANSISTORS 


Check the transistors in the 
next portable radio you hear, 
and chances are they’ll read 
“TI” — trade mark of Texas 
_ Instruments Incorporated of 
/ Dallas, Texas. This aggres- 
sive company supplies leading 
manufacturers of computers, 
missiles and electronic equip- 


ment. For contour ground dies 
of extremely critical tolerances, TI chooses CTD 
sectional dies to stamp the tab sheets for the ultra- 
small semi-conductor wafer assembly within the 
transistor header. “Reliability and quality assured 
to .001” are musts,” says Texas Instruments. 


Oo 


Another example 

of the important 
production efficiency 
made possible by CTD 
precision craftsmanship 


_ means 
(leven foo and §gie precision... 


Dies, Jigs, Fixtures and Special Purpose Tooling 


Send for 
brochure 


cesoect | Cleveland Tool and Die Co. 


ae 30510 Lakeland + Willowick, Ohio 





Circle 262 on page 17 


upon ignition of a Class C explosive 
charge. Charge ignites when input en- 
ergy is fed to heating resistor. Firing 
circuit is electrically isolated from 
switch contacts. Size 0.317 diam x 1.000 
in. long excluding connections. Contact 
rating, 1 amp at 200 volts; contact 
resistance, 0.1 ohm. No reverse switch- 
ing action is possible. Lionel Corp., 28 
Sager Pl.. Irvington 1], N. J. 


Circle number 530 on page 17 


SIZE 3 AND 4 STARTERS 


Sizes 3 and 4 combination starters and 
cast aluminum weather-proof and ex- 
plosion-proof enclosures have been 
added to the manufacturer’s line of 
starters and enclosures. NEMA 4 
weatherproof enclosures are available 
for combination starter Sizes 0 through 
1. NEMA 7 and 9 explosion-proof en- 
closures are available for combination 


starter Sizes 0 through 3. Combination 
starters are non-reversing, reversing 
and two-speed types with — straight- 
through front wiring, wide voltage 
range and epoxy-resin encased coils. 
Starter is front-operated by means of 
fused or unfused disconnect or circuit 
breaker. Circuit breakers are both in- 
stantaneous or thermal-magnetic trip 
types. Combination starters available 
with or without control-circuit trans- 
formers. Industrial Control Div., Ar- 
row-Hart & Hegeman Electric Co., Hart- 
ford 6. Conn. 

Circle number 531 on page 17 


INDICATING 3AG 
FUSE HOLDERS 


Fuse holders are available for voltages 
from 2% to 250 volts with maximum 
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Take the Thumbs Out of Electrical Wiring 
With Improved J-M Dutch Brand Plastic Tape 


makes every job easier, faster, more economical 


Johns-Manville Dutch Brand Plastic Electrical Tape is now made even 
better! With its improved adhesive, Dutch Brand accomplishes every 
wiring job with new time-saving nimbleness. Rugged, versatile, it has 
what it takes to stick around in the “tight spots” —conforming to irregular 
surfaces neatly without bunching. Important too, Dutch Brand Plastic is 
now packaged in money saving, economical, convenient 44-foot rolls in 
addition to the regular 20’ and 66’. 


See why Dutch Brand Plastic is best for all your wiring assignments... 
Send for “Big Four in Electrical Tapes”, the idea booklet that illustrates 
how you can do better electrical jobs. 


Johns-Manville Dutch Brand Division 


7800 S. Woodlawn Avenue, Chicago 19, Ill. 5 MANVILLE 
Jouns-Manvinie Yi! 


PRODUCTS 
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) What Yardstick 
Do You Use... 


mht 
choosing a 


motor source? 


Here’s why 
the great names in 
industry SPECIFY GI! 


EXPERIENCE. With 40 years’ 
experience in designing and man- 
ufacturing, GI can assure you of 
the most efficient motors to meet 
any requirements. There’s no sub- 
stitute for experience! 


DEPENDABILITY. GI motors have 
been quality-proved in millions of 
applications the world over. When 
the reputation of your product is 
at stake, you can rely on GI! 


ECONOMY. GI is a “complete” 
motor manufacturer. Almost all 
components, aside from the raw 
materials, are produced in our 
own modern plant, permitting 
maximum economy consistent 
with quality. 


It Makes Sense To Specify Gi... 


Smo Fruev 


AC MOTORS 


1/1800 H.P. to 1/35 H.P. 


Catalog Available On Request 


aR ee 


DEPT. GL 


Circle 264 on page 17 


ELYRIA, OHIO 





current rating of 20 amps. Holders 
meet MIL-M-14E Type CFG, can be 
fungus treated per JAN-T-152 and 
JAN-C-173. Double flat spots on body 
permit mounting flexibility. Size 23% 
in. overall length, 1%6 in. back of 
panel. Mounting hole is 54 in. diam 
flat at one side. Littlefuse, Inc., Des 
Plaines, Il. 

Circle number 532 on page 17 


CONTROL AND 
LOGIC MODULES 


Solid-state, plug-in module family in- 
cludes flip-flops, gates, triggers, diode 
AND and or logic units, power switch- 


ing amplifiers and other modules for 
static control or computer systems 
capable of accepting pulse repetition 
rates of 100,000 pps. Modules are 214 
wide by 27% high by Me in. thick and 
fit standard twelve-terminal printed-cir- 
cuit connector. All printed-circuit con- 
ductors are hard gold-alloy plated. 
Solid State Systems, Inc., 5716 Camille 
Ave., Culver City, Calif. 

Circle number 533 on page 17 


CLASS H WINDING TUBE 


Winding tube is made of ‘silicone- 
bonded glass cloth and mica paper, 
giving it high temperature and low 
moisture-absorbing properties. Tube 


may be trimmed to size. Available in 
sizes ranging from %e6 x %¢ in. to 10 x 
10 in. and in square, rectangular or 
round cross section. Accurate Paper 
Tube Co., Inc., 806 No. Peoria St., 

Chicago 22, IIl. 
Circle number 534 on page 17 
(Continued on page 260) 
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Thermal shock doesn’t damage 


MALLORY VITREOUS ENAMEL RESISTORS 


See Mallory Controls Company for 


Highest resistance to thermal shock provided 
by thermally-engineered ceramic, enamel 
and alloy components. Meets requirements 
of MIL-R-26C. 


Made moisture and corrosion resistant by wire-wound vitreous power rotary plugs 
multi-dip coating of Mallory’s superior grade controls resistors rheostats switches & jacks 


rj l. 
vitreous ename Mallory Controls Company, Frankfort, Indiana 


Conservatively rated for 300°C surface tem- a division of 
perature even in high ambients. 


Choose from the broad line of dependably rugged 
Mallory wire-wound resistors—fixed, adjustable 
or multi-tap, 3 to 240 watts. Write or call us for 
quotations ... or for consultation. 
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TRU-OHM S-AL SERIES 


AXIAL-LEAD 


tte 


et 


RESISTORS 


WITH EXCLUSIVE SILICONE COATING 


STANDARD SIZES OF 
Oe ee bie Me ee 
and 20 WATTS 


MINIATURE SIZE 
ALL WELDED CONSTRUCTION 
MEETS STRINGENT 
MILITARY REQUIREMENTS 
MAXIMUM POWER IN 
MINIMUM SPACE 
IMPERVIOUS TO MOISTURE 


PRECISION TOLERANCES 
SILICONE COAT 


Our latest catalog is 


available upon request 


Ew we MU ee 
RU-OHM PRODUCTS .w.:::. 
ye ae ee ee a onan 
_Circle 266 on page 17 





FOR PUBLIC 


AW Sah Ve 
and kindred fields, 


400 


JON ES ee 
PLUGS « SOCKETS 


of proven quality! 


P-406-CCT 


Double Contact Area 


Phosphor bronze knife-switch socket contacts engage both 
sides of flat plug contacts. 

Socket contacts phosphor bronze, cadmium plated. Plug 
contacts hard brass, cadmium plated. Insulation molded 
bakelite. Plugs and sockets polarized. Steel caps with baked 
crackle enamel. 2, 4, 6, 8, 10, 12 contacts. Cap or panel 
mounting. 

Information on complete line, in Jones Catalog 22. 
Electrical Connecting Devices, Plugs, Sockets, Terminal 
Strips. Write 


HowaRD B. JONES DIVISION 


CINCH MANUFACTURING COMPANY 


eee Ee, eae a wes ie ES SE 


DIVISION OF UNITED-CARR FASTENER CORP. 


Circle 267 on page 17 


INSULATED-CASE DIODE 


Entire range of manufacturer's silicon 
pigtail diodes is available with an in- 
sulating Teflon coating over diode case. 


Teflon jacket permits close positioning 
of diodes and will maintain its elec- 
trical and mechanical properties from 
67 to +250 C. International Rectifier 
Corp., 1521 E. Grand Ave., El Segundo, 
Calif. 

Circle number 535 on page 17 


TOROIDAL INDUCTORS 
AND TRANSFORMERS 


Typical inductors have a 3-picofarad 
distributed capacity, Q of 130 and an 
inductance of 10 mh at 100 ke. Typical 


transformer characteristics: distributed 
capacity, 7.8 pf; inductance, 4 mh for 
terminal 1 to 3, 100 yh for terminal 
4 to 5; Q (terminal 1 to 3), 120. Uni- 
versal Toroid Coil Winding, Inc., 171 
Coit St., Irvington 11, N.J. 


Circle number 536 on page 17 


FAN-DUTY MOTORS 
Type EFD motors in rerated NEMA 


frame Sizes 182 thru 326U are fur- 
nished in speeds of 1800, 1200 or 900 
rpm as required. Duty rating, con- 


tinuous; temperature rise, 55 C. Stators 
‘2 
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Versatile WEMCO 
HMS Mobil-Mill 


Fully Equipped with Cutler-Hammer Unitrol® 


Western Machinery Company’s WEMCO HMS Mobil-Mill has gained wide- Unitrol control units are easily installed 
spread recognition and preference by demonstrating its broad versatility, ... exclusive plug-in connector eliminates 
rugged dependability, and low capital investment per ton of capacity. Both hazardous manual adjustments. Locked 
metallic and non-metallic ores and minerals, gravels, coal, ete. can be test position assures safe inspection and 
continuously extracted from the unwanted material with minimum operating maintenance. 

costs and attention. Ranging in sizes from 5 to 500 tons per hour capacity, 

WEMCO Mobil-Mills have performed successfully as complete production 

plants, pre-concentration units, and pilot plants. 

To assure maximum flexibility and trouble-free performance of the electric CHOICE OF THE LEADERS 
motor driven equipment under all operating conditions, WEMCO Mobil- sian i 
Mills are equipped with Cutler-Hammer Unitrol as standard original equip- CUTLER-HAMMER 
ment. This compact control center cuts job-site wiring time and costs. 
Modular construction permits rapid alterations of the control units to keep 
pace with changing mill requirements. And vertical dust-safe contacts, in- 
destructable molded magnet coils, and optional full three-phase 3 coil 
overload protection are typical plus features of Unitrol which guarantee 

: ‘ ’ Le THE MARK 
unsurpassed performance and dependability. 

For prompt attention to your control requirements write Dept. A231, OF BETTER MACHINES 
Cutler-Hammer Inc., Milwaukee 1, Wisconsin. 


CUTLER-HAMMER 


Cutler-Hammer Inc., Milwaukee, Wis. © Division: Airborne Instruments Laboratory. © Subsidiary: Cutler-Hammer International, C. A. 
Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A.; Intercontinental Electronics Corporation. 


JANUARY 1960 Circle 268 on page 17 





VARIAN 
Potentiometer 
RECORDERS 
Used by the thousands 


because... 


2. PERFORMANCE AT 


LOW COST 


As little as $365 for a sensitive, 
rugged potentiometer recorder. 
Varian Recorders are accurate 
to 1% and rugged enough to do 


round-the-clock production- 
line checkout or round-the-cal- 


endar monitoring of long-term 
laboratory experiments. 


Full-scale balancing time 1 or 23g sec- 
onds; weight 15 pounds; ranges from 
0-9 millivolts to 0-100 volts; wide 
choice of speeds, accessories and 
charts. Full specifications and des- 
cription of models available by writ- 
ing the Instrument Division. 


VARIAN 


PALO ALTO 23, CALIFORNIA 


Circle 269 on page 17 





tested in accordance with NEMA spe- 
cifications. Connection box can be ro- 
tated. Totally-enclosed fan-duty motors 
available for 2- or 3-phase operation in 
all standard frequencies and commer- 
cial voltages below 600 volts. Lima 
Electric Motor Co., Inc., Dept. 74, Lima, 
Ohio. 


Circle number 537 on page 17 


NIXIE INDICATOR DRIVER 


NX-101 Nixie Driver is a BCD-to-deci- 
mal converter that accepts the 8-4-2-1 
binary decimal code from the decimal 
counter and applies appropriate drive 
signals to the corresponding cathode of 
a Nixie tube. Each of ten stages consists 
of n-p-n transistor and resistor decoder. 


Nixie tube is external to driver and not 
included with it. NX-101 will decode 
signals from any flip-flop capable of 
sustaining an additional 3 ma of cur- 
rent in ON transistor and whose OFF 
/-17 volts min. 
1-195 volts +2 
per cent at 5.5 ma, -+-20 volts +5 per 
cent at 9.5 ma. Input is -+-18 volts -+-10 
per cent, —5 per cent at 3 ma. Output, 
-+-20 volts at 2 ma. Computer Control 
Co. Inc., 983 Concord St., Framingham, 
Mass. 

Circle number 538 on page 17 


collector potential is 
Power requirements: 


RELAY MAGNETIC 
PREAMPLIFIER 


Model 761 gives power gains of more 
than 100,000 in a single stage, and de- 
livers 0.3 watts of output power from 
low-level d-c control signals of less than 
3.0 microwatts. Relay magnetic pre- 
amplifier is used to drive small power 
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MAGNETIC AMPLIFIER 
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Need 
bee 
brush 


up 
on the 


Slide 
Rule? 


. . . Come now! Are you really hep 
to the use of the Log-Log-Scales .. . 
the circular slide rule . . . phasor 
calculations vector diagrams 
. . . hyperbolic functions? Can you 
make that slip stick solve the tough 
engineering problems, not just the 
simple calculations? 


Aware that too few engineers were 
using their most basic professional 
tool to its fullest advantage, the edi- 
tors of ELECTRICAL MANUFACTURING 
did something about it. They put the 
problem up to Ira Ritow, author of 
the popular “Capsule Calculus” and 
“Fundamentals of Servomechanism 
Design.” Drawing upon his experi- 
ence in teaching college math, engi- 
neer Ritow came up with an entirely 
new technique for explaining the use 
of the slide rule in solving engineer- 
ing problems. 


Response to the published article 
was immediate. Engineers working 
on all types of projects ordered re- 
print copies* for their personal use 
or for their company training pro- 
grams. Engineering schools requested 
it for classroom use. Truly, a need 
had been recognized and filled. 


“Slide Rule Mathematics” is typi- 
cal of EM’s specialized editorial 
approach to fundamental areas of 
design engineering. It demonstrates 
why the magazine has such dedicated 
readership among the “pro” design 
engineers in the vanguard of tech- 
nological progress. 


*The 20-page reprint, “Slide Rule 
Mathematics,” is available at $1.00 
per copy, postpaid. Orders accompa- 
nied by remittance should be sent to 
the attention of Reader Service De- 
partment, ELECTRICAL MANUFAC- 
TURING, 205 East 42 Street, New 
York 17, N. Y. 
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Beiden Lead Wire 
is easy to strip 


and solders readily without insulation 


shrinkage. WIREMAKER FOR INDUSTRY 


Le SINCE 1902 
maintains its color identification CHICAGO 
through baking cycles and 
impregnations. 
BELDEN . . . one wire source for everything 


reduces process inspection. 7 ; 
Pp - electrical and electronic 


gives long service life. magnet wire ® lead wire * power supply cords * 
cord sets * portable cordage ® electronic wire * 
automotive replacement wire and cable aircraft wire ® 


Complete stock line of UL voltage . 
electrical household replacement cords 


and temperature rated wire shown in 
Catalog L59. 


WY) 


& 
s 


», r~y 
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relays from thermistor bridges, photo- 
cells, null detectors and similar signals. 
Magnetic preamplifier has three inde- 
pendent and isolated signal windings. 
Two are high-gain and balanced for 
push-pull inputs. Other winding has less 
gain and is designed for linear and bi- 
stable control action by changing ex- 
ternal connections. Using bi-stable con- 
nections prevents false operation of re- 
lays during shock and vibration despite 
slowly varying control signals. Amplifier 
completely controls pull-in and drop-out 
action of relay independent of relay’s 
characteristics. Model 761 requires 0.6 
watts at 26 volts, 60 cps. Case is 
hermetically sealed with internal com- 
ponents cast in epoxy resin. Acromag, 
Ine 

(Detroit), Mich. 


Circle number 539 on page 17 


2) Fe) : D-C MODULATOR 


Hermetically sealed, SPDT, 60-cycle, 


x d-c modulator is suited for computer 
is, systems, servo mechanisms, automation, 
sl vacuum-tube voltmeters and similar ap- 
h AL j 


plications. Each unit has offset and drift 


Whether you need one unit or 
thousands, the Fansteel Type 
6A, 1N Series, is the 22 amp. 
silicon power rectifier that’s al- 
ways ready for immediate ship- 
ment from stock. No waiting. 
And the reliability of Fansteel of less than 1 microvolt d-c. Normal con- 
6A silicon rectifiers is proved by tact dwell time is 55 per cent, chang- 


cam ing less than 2 per cent during first 
the most complete and rigid 1000 hr. Noise voltage generation be- 


testing methods ever devised. low 1 microvolt rms; life expectancy, 
Painstaking thoroughness and Full 22 amp. load in half- 10,000 to 25,000 hr. Millivac Instru- 


~~ h wave circuits... up to 66 ments Div., Cohu Electronics, Inc., Box 
care...100% testing... and amps in bridges . . . peak 997, Schenectady, N. Y. 


production in ‘‘white room” en- reverse voltages from 50 Circle number 540 on page 17 
vironment assures unquestioned to 400 volts . . . ambients 


* Ls up to 165°C... . storage rs 
reliability, and performance. ‘eit 468° bo OE 10-AMP SEALED RELAY 
Type FC-215 miniature relays are rated 
Ask for Bulletin 6.304. for 10-amp d-c operation. DPDT relays 
feature all-welded internal construction, 
withstand 30 g vibration and 50 g shock. 
For operation at ambients to 125 C, 
meet or surpass MIL-R-575C and MIL- 
R-25018 requirements. Standard oper- 
ating coils are rated 26.5 volts d-c 
nominal with a coil resistance of 400 
ohms. Other coil resistances available. 


TUNA eG MRAL UID eID me CU rye ne wae. 2 oc: Rachavare sien enclading 


mounting and terminals is 54 x 1% x 
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1'4 in. high. Struthers-Dunn, Inc., Pit- 
man, N. J. 
Circle number 541 on page 17 


SERVO POTENTIOMETERS 


Included in the servo line are single- 
and multi-turn wirewound types, and 
precision series for non-military pur- 
poses. PVR ball-bearing series affords 
size range from 14-in. miniature to 
3-in. diam unit and operating tempera- 


ture range from —55 to +150 C. Metal- 
lic-film Series MFR offers infinite re- 
solution. Multi-turn precision servo po- 
tentiometer series consists of four simi- 
lar miniature types and one of medium 
size. Three, five and ten-turn types pro- 
vide function angles from 1080 to 3600 
deg. Technology Instrument Corp., 531 
Main St., Acton, Mass. 

Circle number 542 on page 17 


FOUR-STAGE SHIFT REGISTER 


High-speed, four-stage Model 1801 shift 
register features three inputs and eight 
outputs which may be cascaded to form 
a multistage shift register. Electrical 
characteristics are same as other units 
in the Data Bloc and Data Pac lines. 
Research and Development Div., Har- 
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THE ORI 

“PP” TYPE 

FANSTEEL 

TANTALUM CAPACITOR 


... Still the biggest value . . . still the workhorse . . . still the most 
widely used of all tantalum electrolytic capacitors... the 
Fansteel ““PP”’ Type capacitor. Here’s why— 

UNQUESTIONABLE RELIABILITY proved in millions of applica- 
tions since their introduction in 1949. . . exceptional SHOCK AND 
VIBRATION RESISTANCE because of special anode base support . . . 
meets MIL-C-3965B for grade 3 capacitor... outstanding Low 
TEMPERATURE CHARACTERISTICS ... operating range 55° 
to +85°C at full rated voltage ...HIGH RATINGS IN MINIMUM 
CASE SIZES with oustanding frequency stability and negligible 
electrical leakage. 

Get complete specifications, application data and typical per- 
formance curves in Bulletin 6.100. 
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Specially designed with the 
APPLICATION in mind! 


TYPICAL EQUIPMENT 
POWERED BEST BY 
BALDOR MOTORS 


Blowers 


* 
Fans 


* 
Ventilators 


+ 
Agriculture dryers, 
cleaners, separators 


¥ 
Conveyors 


. 
Woodworking 
machinery 


* 
Abrasive saws 
(masonry & steel) 


¥ 
Pumps 


* 
Compressors 


* 
Machine tools 


BALDOR motors 


No guesswork here! Now you can stop 
fitting the machine to the motor. 


Famous Baldor Streamcooled Motors 
featuring TEFC construction, are engi- 
neered and designed to fit specific ap- 
plications— your guarantee of getting the 
one right motor that will deliver the 
power and performance to make your 
equipment operate at top efficiency. 


There’s a highly trained and experienced 
Baldor representative near you who will 
be happy to show you how this “‘tailored- 
to-the-job”’ type of engineering can help 
cut costs and improve the performance 
of your equipment. Contact him direct 
or write to... 


ELECTRIC 


4353 Duncan Avenue 


COMPAN Y 


e St. Louis 10, Missouri 


Over 500 Authorized Sales & Service Distributors in U.S. A. 
District Offices: Atlanta e Chicago « Cleveland « Dallas « Dayton « Des Moines « Detroit « Litchfield, Conn, 
Los Angeles « Milwaukee « Minneapolis « New York e Kansas City, Mo. 
Oakland « Philadelphia « Portland, Ore. « Syracuse 
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vey-Wells Electronics, Inc., E. Natick 
Industrial Park, Natick. Mass. 
Circle number 543 on page 17 


FIXED COAXIAL 
ATTENUATORS 


Attenuators for a range of 1 to 12.4 
kme are available with Type SC con- 
nectors (male/female, double male or 


double female). Attenuation range, 1 
to 20 db: impedance, 50 ohms. Model 
663 is illustrated. Weinschel Engineer- 
ing, 10503 Metropolitan Ave., Kensing- 
ton, Md. 


Circle number 544 on page 17 


TEMPERATURE-MEASURING 
PROBES 


Resistance temperature-measuring ele- 
ments are offered in the form of probes 
with integral pipe threads for assembly 
into equipment. Three types of probes 
are now available, although many modi- 
fications are possible. Two types are 
designed with minimum protection for 
temperature-sensitive winding in order 


to provide time constant of 100 millisec 
approx in liquids. Another type with 
stainless steel sheath will operate in 
corrosive fluids at pressures to 150 psi; 
time constant is 2 sec. Probes with vari- 
ous wire characteristics, nominal re- 
sistance and operating temperatures 
are available. Ruge Associates, Inc., 


Hudson, N. H. 
Circle number 545 on page 17 


GAS-DAMPED 
ACCELEROMETER 


Constant damping over wide, varying 
temperature spans is accomplished by 
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Now, here’s a fast, easy, economical way to 
almost double the protection against corrosion 
on your product. Simply follow up the IRIDITE 
process with a fast, easy application of IRILAC 
. and you’ve given your product extra pro- 
tection for longer resistance to corrosive condi- 
tions, longer shelf or storage life protection 
from handling, and increased beauty for more 
attractive appearance and faster sales. 


ON ALUMINUM 


An IRIDITE-IRILAC finish will provide 
longer life for storm doors, windows, outdoor 
furniture, auto parts and accessories, tubing or 
wire goods. And, you have a choice of color 
finishes such as natural aluminum and golden 
yellow. Other colors may be obtained by an 
additional dye operation. 


ON MAGNESIUM 


IRILAC over an IRIDITE No. 15 finish in- 
creases corrosion protection, and provides resis- 
tance to finger printing and abrasion on all types 
of products, with color appearance ranging from 
light to dark brown. 


ON ZINC 


IRIDITE plus IRILAC gives your product 
longer life and brighter appearance. Color 
choices range from clear IRIDITE to olive 
drab, plus colored dye finishes, 


: ” 
~~ 


NOW—A Great New 
Combination for 


DOUBLE 


PROTECTION 
Against 


Corrosive Conditions 


on Aluminum, 
Magnesium or Zine 


TIRIDITE) 
CHROMATE CONVERSION COATINGS 


and 


CLEAR PROTECTIVE COATINGS 


IRIDITE is the tradename for a specialized 
line of chromate conversion coatings that 
can be applied to any non-ferrous metal by 
brush, dip or spray methods—at room 
temperatures—manually or with automatic 
equipment. Upon application, a thin film 
forms which becomes an integral part of the 
metal itself, and thus cannot chip, flake or 
peel. No special equipment, exhaust systems 
or specially trained personnel are required. 


IRILAC is the tradename for a line of clear 
protective coatings for all metals. As safe and 
easy to handle as water, they may be applied 
by -brush, dip or spray methods. No exhaust 
or special fire protection equipment required. 
Adds protection and abrasion resistance to 
any base metal, plated part or parts treated 
with electrolytic or chemical post treatments, 
without chemical change. 


For complete technical informa- 
tion on IRIDITE Chromate Con- 
version Coatings or IRILAC Clear 
Protective Coatings, write for 
FREE TECHNICAL MANUAL. Or, 
see the Allied Field Engineer in 
your area. He's listed under 
“Plating Supplies” in the yellow 
pages. 


BRANCH PLANT: 400 MIDLAND AVENUE e@ DETROIT 3, MICHIGAN 
West Coast Licensee for Process Chemicals: L. H. Butcher Co. 


EID?) IB?) CIID 


Plating Chemicals & Line of 
Supplies Equipment 


chemical Processes, Anodes, Chromate Cleor 


Rectifiers Equipment, ond Supplies for Metal Finishing Coatings Coatings 


Brighteners 
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A high degree of efficiency and 
reliability is assured by the new PESCO 
Static Inverter developed by BORG-WARNER research. 
Utilizing controlled rectifiers and no transistors, the new unit offers 
exceptional performance under space flight conditions. 
Fewer components increase reliability. Operation at ambient 
temperatures of —55°C up to +135°C is possible without 
fans or coolers. Built-in short circuit protection, automatic or 
manual (local or remote) reset, is accomplished without fuses or 
circuit breakers. Other outstanding characteristics include: 
Voltage Regulation to + 1%; Frequency Regulation 
to +.005%; Inherent sine wave output. 


STATIC INVERTERS available from 250 VA to 3000 VA. 


PESCO PRODUCTS DIVISION 
Borg-Warner Corporation 

3310 Vanowen Street - Burbank, California 
24700 No. Miles Road + Bedford, Ohio 
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a gas-damped seismic system. Accelero- 
meter ranges, +1.0 to +25 g; damp- 
ing, 0.65 critical at 75 F; temp range, 
65 to +250 F; zero and sensitivity 
drift (-25 to +180 F), less than 2 
per cent of range/100 F; linearity, less 
than 1.0 per cent of acceleration span; 
hysteresis, less than 0.1 per cent of 
acceleration span. Wiancko Engineer- 
ing Co., 255 N. Halstead, Pasadena, 
Calif. 
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SOLID-STATE 
INDUSTRIAL TIMER 


Series 308 solid-state timer features 
DPDT control contacts rated 15 amp 
at 115 volts a-c, 10 amp at 230 volts 
a-c, and 4 amp at 115 volts d-c; avail- 
able for a-c or d-c operation. Designed 
for industrial machine and automatic 


process applications. Timer has rating 


of 3 million operations and repeat ac- 
curacy better than 1 per cent. Filtered 
feeds an RC 
working through transistor to operate 


power supply network 
relay at end of timing cycle. Timer 
mounts in 34¢-in. diam panel cut-out. 
Dial ranges: 0.02 to 1 sec; 0.05 to 5 
sec: 0.125 to 15 sec; 0.25 to 30 sec; 
0.5 to 60 sec: 1 to 120 sec. Automatic 
Timing & Controls, Inc., King of Prus- 
sia, Pa. 


Circle number 547 on page 17 
RUNNING-TIME INDICATOR 


Panel-type hour meter provides a con- 
running time for 
equipment operating on a-c power. 
“A-C Hour Log” is housed in dust- 
proof steel case with interior lighting 
and off-on switch. Power consumption, 


tinuous record of 


HOUR METER 
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‘A girl has to think about Magnet Wire 
and specifications and things....” 


.I mean, really! Maybe you think that’s 
too deep for an average housewife like me. But 
let me ask you, who’s got the most to lose if 
magnet wire doesn’t have the proper dielectric 
strength? Yours truly, that’s who! Who suffers 
if the temperature and abrasion resistance isn’t 
up there? Who but us, with all our appliances? 


“i just wish we housewives could pick the 


magnet wire that goes into the motors and coils 


of every one of these things. I mean, really! 
Because I'd pick Roebling Magnet Wire. It’s 
always higher than the NEMA Specifications. And 
if you think that’s not important to a girl...!” For 
data, write Roebling’s Electrical Wire Division, 
Trenton 2, New Jersey. 


ROE BLING 


Branch Offices in Principal Cities ad 
John A, Roebling's Sons Division, The Colorado Fuel and Iron Corporation 
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Actuates Another Precision Product 


4 PRODUCT OF 
WESTINGHOUSE ELECTRIC CORPORATION 
MANSFIELD, OHIO 


This new control for the Westinghouse ‘‘Aristocrat’’ Electric Blanket 
provides cozy, gentle warmth regardless of weather conditions or 
changes in room temperature. You simply set the Control Dial to the 
warmth desired and the blanket automatically maintains the comfort 
range selected, all night long. Twin, double with single or dual con- 
trols, or King size types are available. The signal light is a reminder 
that the Control is on. The protective thermostats are actuated by nine 
Chace bimetal elements for positive protection against overheating. 
They are accurately calibrated and sealed against moisture. 


Chace is always eager to accept the burden of proof of the quality of 
the thermostatic bimetal we manufacture and we suggest that millions 
of reliable appliances working day and night without care or worry 
are the soundest kind of proof. In this instance, we assume a multiple 
responsibility as each position on the Control Dial is really a separate 
thermostat in itself, hence the necessity for precision and dependability 
is multiplied. Chace customers through the years have learned that 
their precision products can be sent out safely to their buyers in in- 
dustry and the home when Chace furnishes the actuating bimetal; 
and new manufacturers who look at our record of a third of a century 
of development and production of precision thermostatic bimetal 


exclusively soon acquire a similar confidence in Chace. 


When your new temperature-actuated device approaches the design 
stage, send for our booklet, “Successful Applications of Chace Ther- 
mostatic Bimetal’’, containing valuable engineering information. Re- 
member, too, that over 30 types of Chace Thermostatic Bimetal are 
available in strip, coils or completely fabricated elements of cus- 
tomer’s designs. 


W. M. CHACE CO. 
SENSU Teel Vv mest VIC 


1608 BEARD AVE., DETROIT 9, MICH. 


Circle 277 on page 17 


b watts. Models available for 110 o1 
220 volts a-c at 25. 50 or 60 eps. D-C 
models also offered. Engler Instru- 
ment Co... 250 Culver Ave. Jersey City. 


N. J. 
Circle number 548 on page 17 


HIGH-TEMPERATURE 
CONNECTORS 


Connectors of various types and sizes 
use No, 303° stainless steel pins and 
Cases, Insulation is boron-free ceramic 
with resistivity at 400 Co of 10! to 101 


° e. @ 


e & “eve 
#€ e 
ohm-em. Barns cross section capture, 
less than 18. Loss factor at 100° me, 
0.003 to 0.03. Capac itance of one pin 
to ground, 2 pf. Connectors are rated 
at 1200 F. Technical Industries Corp.. 
389 No. Fair Oaks Ave. Pasadena, 
Calit 
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BINARY-TO-DECIMAL 
CONVERTER 


Solid-state converter Model 260 is de- 
signed as companion equipment for 
computers which require decimal dis- 
play readout for any number of four- 
it code inputs. Filamentary projected 


readout equivalent to TEE Alpha-Nu- 
meric Unit is available on special order. 
Model 260 available as plug-in module 
complete with illuminated display or as 
assembly of number of modules. Hermes 
Electronics Co.. 75 Cambridge Pkwy 
Cambridge 42. Mass. 
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NON-INDUCTIVE 
WIREWOUND RESISTOR 

Type 301-P precision resistor measures 
1. in. diam x '4 in. long. with axial/- 
radial leads. Resistors are encapsulated 
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Order Lorge or Small Quantities 


WRITE FOR RELAY CATALOG C-8 


Url tab a | 
Reloys 


AN Approved 


Crh a For 24-Hour Delivery 


Phone: West Chicago 1100 


of Wf RELAY SALES, Inc. 


Za 
Box 186-B 
TWX West Chicago, Ill., 3464 
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NOW 
NEW 
MODELS 


NOT TWICE... 
NOT 3 TIMES... 


NOT 4 TIMES... 


BUT... 


TIMES 
BRIGHTER 


The originator of bright lamps in the glow 
lamp field, Signalite has now re-created three 
of its lamps, NE45, NE47 and NE48, develop- 
ing them into three new models of astounding 
brilliance for use in high ambient light applica 
tions. Designated LNE45, LNE47, LNE48, these 
new lamps are 5 times brighter than the lamps 
from which they are patterned (still in the 
Signalite line). 


New Useful 
5-Times- Series Life 
Brighter Resistance Hours 

Lamps (Ohms) A.C.* (Av. A.C.) 
105-125 5,000 
cs me 
105-125 5,000 


For further information write: 


Fh INCORPORATED 


PRospect 5-2490 
3784 1Neptune Highway, NEPTUNE, N. J. 


*Max. breakdown voltage 100 V. A.C. 
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newest principle 
...for monitoring 


...regulating 


...controlling 


new CRMR meter-relay offers continuous indication, con- 


tinuous control utilizing the simplest control system ever 


The new CRMR (short for Continuous-Reading Meter-Relay) 
permits you to perform minor miracles in simplifying control 
circuitry. A new toggle-contact principle gives full-scale in- 
dication at all times with immediate, non-cyclic control re- 
sponse. An unrestrained D’Arsonval movement gives high 
sensitivity and versatility to measure any electrically-measure- 
able variable. 

The entire system consists of the CRMR and a load relay. 
Interrupters are eliminated. So is their associated circuitry. 
Reset is instantaneous and automatic. 

Because of the exclusive API booster coil, contacting action 
is fast, firm and virtually without “dead zone.” Control per- 
formance is uncompromisingly reliable. 


THE COMPLETE STORY in pictures 

a clear, graphic presentation of the 
CRMR and associated circuitry is pro- 
N7Te(te MMe 11 es 


SEND FOR YOUR COPY 


ASSEMBLY PRODUCTS, INC. 


Chesterland 14, Ohio 
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and have a temperature range of —65 
to +125 C. Temperature coefficient is 
+0.002 per cent /deg C; wattage rating, 


| 0.10; 100 k ohms max, 10 ohms min; 


voltage, 100 max. Kelvin Electric Co., 


| 5907 Noble Ave., Van Nuys, Calif. 
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UNIT-BEARING FHP MOTOR 
Electric motor Model S/L-1085 is de- 


signed to run continuously for years 
without attention. Lubricating oil is 
sealed inside rotor. Motor may be used 
for cooling electronic data processing 


| machines, driving exhaust fans, operat- 


ing liquid-circulating pumps in mé- 


| chines, and cooling larger motors. Two- 


pole motor can be wound for 110- or 
220-volt 50/60 cycle voltage. Unit-bear- 
ing rotor turns on stationary shaft at 


| 3400 rpm without load; 2600 to 3200 
| rpm with recommended loads at ratings 
| of 1/750 to 1/185 hp. Ambient tem- 


perature rating, —10 to +250 F. Avail- 
able as skeleton motor or in housing 


| with various mounting plates. Howard 


Industries, Inc., 1760 State St., Racine, 
Wis. 
Circle number 552 on page 17 


ALL-GLASS, 


| WEDGE-BASE LAMP 


Instrument and indicator lamp GE 158 
may be used in appliances, control- 
board panels, printed circuits and other 
devices. Lamp withstands ambient tem- 
peratures to 900 F. Rated voltage, 12; 
candlepower, 2; bulb, T-344; current, 
0.24 amp; overall length, 14%2 in. max; 
life, 500 hr approx. Miniature Lamp 
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Instantly, 
Smoothly, 
new “Contact Bronze” 


applies graduated power 


to heavy-duty trailer 
brakes 


COSTS 25% LESS 

These contact leaves are stamped and formed from 
Bridgeport “‘Contact Bronze’’ Alloy 92 at a savings of 
25%. Its performance-proved spring properties provide 
part reliability through thousands of cycles. 


This ingenious electric brake system devised by Warner 
Electric Brake & Clutch Company gives the driver instan- 
taneous synchronization of all brakes. Through a graduated 
series of Bridgeport “Contact Bronze” leaves, it lets the driver 
adjust torque smoothly to suit load and road conditions. 
“Contact Bronze” Alloy 92 saves up to 25% on material 
cost. Its quality and dependability are maintained by the 
addition of a minute quantity of phosphorus for superior 


FORMS EASILY 

Warner Electric Brake system for heavy-duty trailer 
combination is actuated by this controller. This view 
shows the series of easily formed “Contact Bronze” 
leaves that transmit power in smoothly graduated steps. 


spring properties. It easily withstands difficult forming 
operations without losing its spring properties. 

If you form or stamp contact parts for electrical or elec- 
tronic equipment, you will want details on “Contact Bronze,” 
as well as Bridgeport’s other alloys for the electrical indus. 
tries. Call your nearby Bridgeport sales office for immediate 
service or, for samples and a copy of the “Contact Bronze” 
data sheet, write to Dept. 4201 


oie BRIDGEPORT BRASS COMPANY 


Bridgeport 2, Conn. « Sales Offices in Principal Cities 
Specialists in Metals from Aluminum to Zirconium 
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THESE ARE SPRAGUE’S TWO OUTSTANDING 


HIGH-TEMPERATURE MAGNET WIRES © 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 


up To 200°C 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
up 10 250°C 

a 


CERAMIC gi / 
INSULATION 


CERAMIC SINGLE-SILICONE 


CERAMIC SINGLE-TEFLON 


CERAMIC 

INSULATION 
SINGLE DOUBLE 
TEFLON TEFLON 
CVRRLAY OVERLAY 


CERAMIC HEAVY-TEFLON 


ENLARGED CROSS-SECTIONS OF CEROC® COPPER MAGNET WIRE 


Sprague offers you a choice of 2 
truly high temperature magnet 
wires: For continuous operation 
at hottest spot temperatures up 
to 200°C (392°F) and up to 
250°C (482°F) for short periods 
of time —depend upon TETROC 
—an all Teflon-insulated wire 
available in both single and 
heavy coatings. 

CEROC is Sprague’s recommen- 
dation for continuous operation 


wines 
pete 


———— 


. aE — 


SPRAGUE ELECTRIC COMPANY 


MARSHALL STREET, NORTH ADAMS, MA 


at hottest spot temperatures up to 
250°C (482°F) and up to 300°C 
(572°F) for short periods of time. 
Ceroc has a flexible ceramic base 
insulation with either single sili- 
cone or single or heavy Teflon 
overlays. The ceramic base stops 
“cut-through” sometimes found in 
windings of all-fluorocarbon wire. 
Both Tetroc and Ceroc magnet 
wires provide extremely high 
space factors.* * * * x 


FOR COMPLETE DATA 
WRITE FOR ENGINEERING 
BULLETIN 405 (TETROC 
WIRES) 400A (CEROC 
WIRES). 


SS 


THE MARK OF RELIABILITY 
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Dept.. General Electric Co., Nela Park, 


| Cleveland 12, Ohio. 
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| VARIABLE-SPEED CONTROL 


Heavy-duty, fhp, variable-speed con- 
trols can be instantly reversed whether 
running or stopped. Maximum torque 
limit at which instant reversing is pos- 
sible, 450 in-lb. Reversing accomplished 
by bell-crank mechanism controlled by 
lever. Feature is incorporated in gear- 


heads for 1%4-hp Models 54 and M54, 
and 34-hp Models 24 and M24. Basic 
control unit converts up to 1850-rpm in- 
put to infinitely variable range of 0 to 
400 rpm, or gear reductions lower speed 
but increase torque ratings. Zero-Max 
Co., 1900 Lyndale Ave. So., Minneapolis 
5, Minn. 
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CORROSION-RESISTANT 
BLOWERS 


Type PVC direct-drive utility blowers 
have both housing and blower wheel 
constructed of unplasticized — rigid 
polyvinyl chloride. Available in three 


| models with 4%, 34 or 1 hp motor and 


in capacities from 399 to 2000 cfm. 
All models withstand temperatures to 
140 F at blower inlet. Belt-drive utility 
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EVERYTHING you need for fast, easy 


Over 1200 Rectifiers 


Fully Described Selenium 


EET RECTIFIERS 


Technical Data 


Complete /nformation on 


CIRCUITS 

SIZES AVAVAYA 
DIMENSIONS 
CURRENT RATINGS 
VOLTAGE RATINGS 
PRICES 
INSTALLATION, etc. 


VICKERS INCORPORATED sd ae 
ELECTRIC PRODUCTS DIVISION 


VICKERS Grain-Oriented* SELENIUM RECTIFIERS 


The unique characteristics of these rectifiers provide efficiency and economy 


unmatched by conventional rectifiers. 

In Vickers rectifiers, the selenium is grain-oriented: crystals are aligned in the 
same direction, rather than in the random pattern found in ordinary rectifiers. The 
result? More working crystals, greater uniformity, better performance per square 
inch of cell area. Rectifiers provide higher current ratings without increase in cell 


size, and without danger of overloading; cost per watt of output is lower. 


This 48-page bulletin gives you the complete story. 
Send for Bulletin EPD 3116-1. Letterhead requests only, please 


VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 


ELECTRIC PRODUCTS DIVISION 


Wicker 1803 LOCUST STREET « SAINT LOUIS 3, MISSOURI 


Sales  $T, LOUIS—CEntrol 1-5830 CHICAGO—JUniper 8-2125 CLEVELAND—EDison 3-1355 
Engineering DETROIT—KEnwood 4-8070 NEW YORK—LEnnox 9-1515 LOS ANGELES—DAvenport 6-8550 
Offices WASHINGTON, DBD. C.—EXecutive 3-2650 BOSTON (Representative) —CEdar 5-6815 
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WTA tA) 
the Least Expensive 


NEW RUBICON DIRECT- 
READING RATIO SETS FOR 
HIGH-PRECISION 
COMPARISONS OF RESISTORS 


MODEL 1414—FOUR DIALS 

e Ratio values from 0.994445 
to 1.005555, in steps of 
0.000001. 
Subpanel switches with sil- 
ver contacts. 
Four Waidner-Wolff decades 
to reduce effect of switch 
resistance. 
Battery circuit reversal key. 
Complete electrostatic 
shielding. 
Limit of error .0002 percent 
(2ppm), provided resistors 
to be compared are equal 
within 0.1 percent. 


MODEL 1413—THREE DIALS 

e Essentially same as four-dial 
model, but has three decades to 
provide ratios from 0.99445 to 
1.00555, in steps of 0.00001. No 
battery circuit reversal key. 
MODEL 1406— 
UNIVERSAL RATIO SET 
For comparing resistors. Ratio 
limit of error 0.005 percent at 
settings of 100 ohms or more. 
Resistance 2,111.110 ohms con- 
stant for all dial settings. Poten- 
tial connection may be made by 
dial adjustment at any point of 
the 2,111.110 ohms, to the near- 
est 0.001 ohm. 
Each of these fine instruments 
will give you the exceptional pre- 
cision and long service for which 
Rubicon products are famous. 


For complete details, contact your 
nearby ahareul Branch Office, 
or write to MINNEAPOLIS- 
HONEYWELL, Rubicon Division, 
Philadelphia 32, Pa. 


py peer cy 
AS 
Honeywell 


ERING THE FUTURE 
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blowers also offered. Industrial Plastic 
Fabricators, Inc., Endicott St., Nor- 
wood, Mass. 
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MINIATURE ACCELERATION 
SWITCH 


Single-axis switch Model 174 is capable 
of closing an electric circuit in response 
to a preset acceleration level and re- 
setting itself when acceleration drops 


below preset value. Gas-damped seismic 
system range, 5 to 60 g; accuracy, +5 
per cent. Switch is SPST, NO with con- 
tact rating of 100 ma. Dimensions, 
1%6 x %4 in. OD. Instruments Div., 
W. L. Maxson Corp., 475 Tenth Ave., 
New York 18, N. Y. 
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CERAMIC-METAL 
PENCIL TUBES 
RCA-7552, and RCA-7554 
triodes are designed for uhf service in 


high-mu 


portable field equipment, control and 
communications applications. Tubes can 
operate at plate seal temperatures up 
to 225 C. Warm-up time, 12 sec to reach 
90 per cent of direct operating plate 


current; maxixmum plate dissipation, 


2.5 watts. 


The 7552 is designed for 
Class A r-f amplifier service up to 1000 
me; the 7554 for Class C operation as 
an oscillator, r-f amplifier and frequency 
multiplier up to 300 me and above. 
Radio Corp. of America, Electron Tube 


Div., Harrison, N. J. 
Circle number 557 on page 17 


LEVEL-SENSING PROBE 

Model 959-30 capacitance-type probe is 
designed for determining the height of 
conducting material such as coke, coal, 
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To beat the heat in electronic cab- 
inets is quite a feat. Overheated 
components give poor service. To 
keep them cool, there’s just one 
rule. What I mean is ... use the 
old bean and install McLean. Man, 
they’re the coolest! 


McLEAN MODEL 2E408 


The industry's standard ... over 15,000 
in use all over the world. High velocity, 
fast cooling. (7” x 19”, 300 cfm). 


Extend the life of sensitive tubes, 
transistors and other components 
with McLean packaged cooling 
units. Prevent system failure... 
maintain calibration and accuracy. 
Find out how in McLean’s 1960 
catalog ... 44 pages of helpful in- 
formation on cooling electronic 
equipment. McLean’s rack-mounted 
fans and blowers are smart, com- 
pact, easy-to-install and have a 
multitude of mounting possibilities. 
Over 100 models in various panel 
heights and CFM’s. Mil. Spec. equip- 
ment for packaged cooling also 
available. 


WRITE TODAY #4 
44 Page Packaged 4 


Cooling Catalog 
ENGINEERING 


NMcLEAN LABORATORIES 


World Leader in Packaged Cooling 


Princeton, N. J. *« WAlInut 4-4440 
TWX Princeton, New Jersey 636 
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One of a Series 


Predetermining Counters 
provide simplified methods 
for Automatic Control 


Veeder-Root Predetermining Counters now make it possible 
to design and build automatic control into equipment of all 
types. They are available for mechanical, electrical and elec- 
tronic control and offer many features and options to give 
your equipment extra value and versatility. 

Predetermining Mechanical Counters can be applied to 
rotary, eccentric or stroke type motion, registering or counting 
whatever units are required — such as revolutions, motions, 
turns, pieces, lengths, and strokes. The newer electric and 
electronic Predetermining Counters use a special high speed 
light source and photo cell for non-contact counting on any 
machine or process. 

Automatic control is provided by the predetermining 
counter actuating such devices as: lights, bells, signals and 


stop motions. They work at speeds up to 8000 counts per 
minute, can be easily incorporated into machine design and 
control panels. Application assistance is available from a 
Veeder-Root Counting Engineer; and specialized designs and 
modifications can be supplied in most cases. For complete in- 
formation, call or write your nearest Veeder-Root office. 


High Speed, Quick Reset Predetermining Counters for electrical and 
mechanical control, at speeds to 8000 cpm. 


This counter has one set of wheels 
which are preset to any figure with- 
in the capacity of the counter by 
depressing the reset lever, raising 
the cover, and turning. The counter 
subtracts from the preset number to 
“00000”, when a knock-off lever ac- 
tuates an electrical switch. To reset, 
just press the reset lever, and 
counter returns instantly to preset 
figure. For Mechanical Control, 
counter actuates a mechanical lever 
instead of electrical switch. Speeds: 
6000 rpm or 8000 counts per minute. 


TO COUNTER 


Nov. LAMP 





Addition of Magnetic Counter Provides Record of Total Lots. 


A Veeder-Root Magnetic Counter connected in series with the alarm or stop 
motion registers one unit for each of the predetermined lots produced. Pro- 
vides a simple means to obtain both machine control and production control. 
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The High Speed Predetermining Counter is the basic counter in this complete 
line. It provides automatic control by this simplified method: . . . to set a run of 
5451 pieces on the counter: (1) Set all white wheels to zero with one turn of 
wing-nut; (2) Now, set the metal wheels, one by one. Set first wheel to “5”, 
opposite zero on its “opposite number’ white wheel, then set the ‘‘4”’, “5” and 
“1” and that’s all. . . you're ready to throw the switch and start the run. 


Electric Predetermining Counter Ideal for Batching, 
Length Measurement and Materials Handling. 


This new counter offers auto- 
matic reset plus other important 
features: 1. Instant automatic 
reset . . . Countrol contacts op- 
erate and hold for 0.3 seconds 
... or for 2 seconds . . . or indefi- 
nitely. 2. Counter can be modi- 
fied for automatic sequential 
predetermining, using two or 
more preset numbers. 3. A 
batch or totalizing counter can be added. This counter is adaptable to 
material handling applications, slow speed batch counting, length 
measurement, slitting, and similar applications. Speeds up to 1000 cpm. 


High Speed Electronic Predetermining Counters Feature 


Automatic ® ’ €PS- The No. 1604 features instan- 


taneous recycling. Up to six 
decade counters, with one, two, 
or more sets of preset numbers 

. with or without photohead 
or enclosure. Output relay pro- 
vides momentary or indefinite 
holding time. Batch totalizing 
available. Ideal for all high speed 
counting, up to 5000 cps, recycle 
at 1000 cps. 


Send for Literature and Technical Data . . . Extensive information and 
specifications on how to use Veeder-Root Predetermining Counters are yours 
for the asking. Send today. 


Veeder-Root 


HARTFORD 2, CONNECTICUT 


‘The Nene that Counts’ 


New York * Chicago * Los Angeles * San Francisco * Seattle 
St. Lovis « Greenville, S.C. * Altoona, Pa. * Montreal 
Offices and Agents in other principal cities 
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motors 


blowers 
fans sists of glass-fiber epoxy tube with 


a conductive film on inner wall. Up to 
50 ft of probe length may be obtained 
by adding screw-on sections. Magnetic 
Instruments Co., Inc., 546 Commerce 
St., Thornwood, N. Y. 


Circle number 558 on page 17 


wet sand, ores and similar types of 
granular abrasive solids. Probe con- 


| TELEMETRY POWER 
AMPLIFIER 


Model PA-10 amplifier for use in tele- 
metry applications withstands operat- 
ing temperatures up to 200 F; vibra- 
tion of 20 g 20 to 2000 cps; accelera- 


tion of 10 g and shock of 120 g. Her- 





BLOWERS 


CFM to 750 max. 


Types _ Single, double, FANS 
inverted 
2%" to 11%", CFM CUED 
vertical, overall PTY Ur ae ete 
Mountings Flange, foot, eee 
ott sate dihend metically sealed amplifier provides 10 
UT ee UL Ce watts from an input of a 2-watt trans- 
mitter, has a push-pull grounded-grid 
configuration and measures 2 x 1%6 x 
3 in. United Electro-Dynamics, 200 Al- 
lendale Rd., Pasadena, Calif. 
Circle number 559 on page 17 


OUR FIELD ENGINEERS WILL GLADLY 


ASSIST YOU IN YOUR COOLING 
PROBLEMS | HIGH-TEMPERATURE 


CERAMIC BUSHINGS 


Bushings capable of withstanding 2000 
Air-Marine motors and cooling units have been | F continuous operating temperatures 
2 ae are available in a range of sizes. Sizes, 
designed and tested to meet the specifications of both 12.00 in. OD down to 0.028 in. diam. 


Standard tolerances, +14 per cent and 





the military and industry. 


air-<marine motors, inc. 


369 Bayview Avenue 2221 Barry Avenue 
Amityville, L.1., N.Y. o Los Angeles, California 


in Canada AAE Limited, Weston, Ontario 


WRITE TODAY FOR OUR NEW CATALOG 
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Low-cost 
insulation problems ? 
Look into these 
CDF Dilecto’ laminates 


For everyday mechanical-electrical parts that receive 
tough punishment and must have excellent physical 
and dielectric properties at low cost, the CDF phenolic 
paper-base line is outstanding. 


Economy. CDF paper-base grades machine readily into 
intricate parts. Some are flame-retardant. Others are 
especially adaptable for punching. All are economical 
for the value delivered. 


Fabrication Facilities. CDF has excellent and extensive 
plastics-fabrication facilities for turning out finished 
Dilecto parts to your specifications—better and more 
economically than you can do it yourself. Save the time 
and trouble of intricate fabrication by using CDF’s 
specialized facilities. 


See Sweet’s, Electronics Buyers’ Guide, and the other 
directories for the phone number of the CDF sales 
engineer nearest you. Or send us your print or problem 
direct, and we’ll return a recommendation of the right 
Dilecto grade for your need. 


CDF makes Di-Clad® printed-circuit laminates, Diamond® Vulcanized 
Fibre, CDF products of Tefliont, flexible insulating tapes, Dilecto® lami- 
nated plastics, Celoron* molded products, Micabond* mica products, 
Spiral Tubing, Vulcoid*. 


{Du Pont trademark for its 'TFE-fluorocarbon resin 


: | 
Fabricated by CDF. Near the presses that produced the Dilecto CONTINENTAL-DIAMOND FIBRE 
laminates, these paper-base parts were machined to close tolerances 
by CDF specialists . . . quickly, accurately, economically for the 


purchasers. This is a random selection from the five grades A SUBSIDIARY OF THE —A¥ere4et- COMPANY + NEWARK 13, DEL. 
described in the table below. In Canada: Continental-Diamond Fibre of Canada Ltd., 46 Hollinger Road, Toronto 16, Ont. 


Typical Property Values—Dilecto Paper-Base Laminates in Sheet Form 


XX-13 FR 
X-13 XP-13 | XX-13 |  (Fire-retardant) XXXP-28 
(NEMA X) (NEMA P) (NEMA XX) (NEMA XX) (NEMA XXXP) 


ROCKWELL HARDNESS (M SCALE) 100 110 108 oak 90 


TENSILE STRENGTH Iw (1000 psi.) ato Be ae sa 


FLEXURAL STRENGTH Iw (1000 psi.) 17 ee 18 


COMPRESSIVE STRENGTH (1000 psi.) hs 35 : ; ; ae 22 


WATER ABSORPTION (% in 24 hrs.) ‘ . 1.4 
1/16” thickness 


MAXIMUM CONTINUOUS OPERATING 120 
TEMPERATURE (°C.) 


~ DIELECTRIC STRENGTH perp. to 
lam. (VPM) 





DIELECTRIC STRENGTH parallel to 


lam. (Kv. 


DISSIPATION FACTOR at 1 mc, Cond. A 


DIELECTRIC CONSTANT at 1 mc, Cond. A 
ARC-RESISTANCE (seconds) 


INSULATION RESISTANCE (megohms) 1,000 600,000 
ASTM D.257, Fig. 3 


AIEE insulation class A A 
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SWITCHCRAFT’S 


TANTRA] 


ee 


BOOTH 2827 — Radio Engineering 
Show —N.Y. Coliseum — March 21-24 


SWITCHCRAFT ‘series 16000) “TELEVER-SWITCH” 


(Telephone Type Lever or Key Switch) 


T-BEAM FRAME—provides rugged assembly. 

SINGLE HOLE MOUNTING—in panels up to 4" thick. 
STANDARDIZED NON-TURN DEVICE. 

POSITIVE STOPS—stop is not a part of mounting plate. 
FURNISHED—2 or 3 position actuators either locking, non- 
locking or a combination of the two. 


See Catalog No. S-58 or write for special Catalog $-302. 


Canadian Rep.: Atlas Radio Corp., Ltd., 50 Wingold Avenue, Toronto, Ontario 


AVAILABLE AT ALL LEADING RADIO PARTS JOBBERS @ 
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Learn how you may 
solve more engineering problems 


with Ira Ritow’s 


practical guide to 


SLIDE-RULE 
MATHEMATICS 


This 20-page, two-part article authored by engi- 
neer-teacher Ira Ritow offers a really practical treat- 
ment of the theory and use of the engineer’s prime 
computing instrument, the slide rule. It includes 
well-illustrated instructions for the use of all con- 
ventional slide-rule scales as well as the circular rule. 

Reprint copies of the complete article with prac- 
tice slide rules printed on heavy stock for easy cut- 
out are priced at $1.00 each; in quantities of five, 90 
cents each; in quantities of twenty-five, 75 cents each. 
See handy order form on page 190. 











as close as 0.0002 in. both on diam 
and wall thickness. Bushings are used 
in electrical insulators, semiconductor 
tooling, spot-welding locators, glass- 
working tools, induction heating loca- 
tors, etc. Duramic Products, Inc., 426 
Commercial Ave., Palisades Park, N. J. 

Circle number 560 on page 17 


NON-CONTAMINATIVE 
POTENTIOMETER 


Encased in a selected phenolic housing, 
Series 61 high-voltage, wirewound 
potentiometer is primarily intended for 


non-contaminative component applica- 
tion in locations that must be protected 
from foreign factors. Potentiometer has 
2-in. diam and 5@-in. depth. Terminal- 
lug spacing provides for 10,000 volt d-c 
rating for use in dust-laden atmos- 
pheres. Unit is rated at 214 watts. 
Clarostat Mfg. Co., Inc., Dover, N. H. 
Circle number 561 on page 17 


PHOTOELECTRIC CONTROL 


Control Model A-373 maintains a closed 
circuit only when photoelectric current 


is not less than 7 nor more than 8 ma 
for protection against accidental ma- 


chine operation due to tube or circuit 
failure. Relay contacts are silver/cad- 
mum oxide, rated 8 amp at 115 volts 
a-c, noninductive load. Autotron Inc., 
Box 722F, Danville, III. 


Circle number 562 on page 17 


See page 284 for Laboratory & 
Engineering Equipment. 
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Ce mrs 
aS Cam dled | 


The A-MP Header 
Tab Receptacle 


What’s your choice for terminating 
sealed compressor header pin circuits? 
A three-receptacle cluster block? Indi- 
vidual pin receptacles? Individual tab 
receptacles? Whatever way you design 
your header circuits, AMP has the 
solderless terminal you need. 


These three A-MP products (above) are 
quick connect / disconnect types — all 
have uniform crimp reliability and out- 
standing vibration resistance. They offer 
positive wiping action yet will not score 


YOURS 


header pins—they may be used inter- 
nally or externally on compressors—and 
all three fit .090” pin specifications. Tab 
receptacles also fit .125” pins. 


For sound, long life performance in 
the presence of oils and refrigerants— 
for high speed application to your leads 
at low cost—specify one or all of 
these A-MP units for your compres- 
sors. Top terminal quality is yours, 
hermetically sealed. 


Send for more information today. 


>ORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


A-MP products and engineering assistance are available through subsidiary companies in: Australia « Canada « England « France « Holland « Japan 
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Try Them At Our Expense — Prove 
to Yourself How IDEAL “All-Plastic’’ 
Wire Connectors Speed Assembly 
and Reduce Product Failures... 


Just a few twists give you a 
connection of high mechanical and 
dielectrical strength. Special plastic 
resists moisture and chemical action 


@ To make connections good for the life of 
your product — at real savings — use Ideal 
“All- Plastic’ Wire Connectors. You save 
because Ideal offers the lowest cost, high 
quality connector on the market. The tough, 
non-porous plastic shell provides excellent 
insulation, resists nearly all chemical action 
and takes a minimum of space. Smooth, 
non-abrasive threads twist and grip wires 
firmly but never damage the finest of 
stranded wires. Easy to apply, by hand or 
power driver. Send for free samples. 


U Pate 2 
CDEAD 


WIRE CONNECTORS by 
TRY THEM: 


SSH HSE SEES ESEESEEESESEEEEE 


IDEAL INDUSTRIES, Inc. 1108-A Park Ave., Sycamore, Ill. G@arAa) 
Please send samples of IDEAL’S “All-Plastic” Wire 


Connectors. 
Name —— 
Company 


Address 





Precise engineering and construction result in 


UNIFORM HEAT 


throughout the work space 


® High velocity recircu- 
lating blowers 

® Greater heat input 

® Adjustable louvres for 
balanced airflow 

® Superior heat seals 

All combine to provide 

excellent temperature 

uniformity in these rug- 

ged cabinet ovens. 


30 Standard Models Model HB Electric or 

© Work space from 4.6 to 72.3 Gas Cabinet Oven 
cubic feet 

© Temperature ranges from 100 
to 1250° F. 
Electronic combustion devices 
insure safety for gas fired 
models 


Other ovens from $121.50 
up, including a complete 
line of laboratory, bench, 
cabinet, walk-in, and cus- 


a . m-built units. 
Indicating control instrument ae aie 


Factory tested 


Write for literature to help you select the right oven 
for your application 


Specialists in Heat Process Equipment 
GRIEVE-HENDRY CoO. 


1331 N. ELSTON AVE. CHICAGO 22, ILL. 
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WILL FEEDBACK 
figure in your future? 


Here is your chance to catch up with the latest 
mathematical techniques for analyzing servo- 
mechanisms and closed-loop systems. 


For convenient home study and on-the-job 
reference, you'll want a personal reprint copy 
of Ira Ritow’s authoritative 6-article series on 


AUTOMATIC CONTROL 
SYSTEM DESIGN 


This latest Ritow series—which was featured 
in ELECTRICAL MANUFACTURING, April through 
September—has been acclaimed as an outstand- 
ing contribution to the understanding of advanced 
servomechanism design. It is a comprehensive 
treatment that will serve design engineers in 
dealing with the ever-increasing demands for 
automatic control in the operation of machines, 
autopilots, communications systems, process con- 
trol, appliances. 

See page 190 for order form. 


City — —_— Zone a 
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MASTER GEARMOTORS 


simplify applications—save space 


Matched motor and 
right angle reducer in 


one compact power package 


Reduction of engineering and assembly cost .. . 
elimination of separate components . . . are basic 
in this Master Right Angle Gearmotor. Consider 
these specific advantages: 

1. No high speed coupling. 


. No V-belts or chains and sprockets. 


2 
3. Takes up less space—reduces mounting plates. 
4 


. Special flange or face mounting can eliminate 
low speed coupling. 
. Saves aisle space ... drives around the 


corner. 
. Wide acceptance by machine builder and user. 


Product of the combined 
resources of 
Reliance Electric and . 
Engineering Company and its 
Master and Reeves Divisions 


DEPT 271A, CLEVELAND 17, OHIO 


Canadian Division: Toronto, Ontario 
Sales Offices and Distributors in Principal Cities 


Master Gearmotors are built with ratings from \% 
to 125 h.p. .. . in right angle, parallel or in combi- 
nation. Right angle ratios are available to 96:1; 
parallel 120:1. 

Electrical and mechanical modifications give you 
a maximum choice—vertical, horizontal, and flange 
mountings; output shaft over, under, left or right. 
These gearmotors can be supplied with built-in 
accessories: a fluid coupling for hard-to-start loads 
or cycling loads; a brake for fast stops and positive 
holding. 

Call your nearest Reliance Sales Engineer. Let him 
tell you why more Master Gearmotors are in use 
today than any other make. aise 


ELECTRIC AND, 
ENGINEERING CO. 


Duty Master A-c. Motors, Master Gearmotors, Reeves Drives, V*S Drives, Super ‘T’ D-c. Motors, Generators, Controls and Engineered Drive Systems. 
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Laboratory 


and 


Engineering 
Equipment 


SOLID-STATE OSCILLOGRAPH 


Direct-writing oscillograph houses from 
two to eight channels of recording in 
one unit, Step attenuation provides 
sensitivities of 0.002 to 10.0 volts/mm 


and plug-in preamplifiers provide fre- 
quency response of 0 to 100 eps. Linear- 
ity is +1.5 per cent of full scale with 
drift less than 0.5 mm for 8 hr. Eight 
chart speeds are offered; 
also available with d-c motors. Instru- 
ments are suited for recording outputs 
of thermocouples and 
Photron Instrument Co., 
Ave., Cleveland 2, Ohio. 

Circle number 563 on page 17 


drives are 


transducers. 
6516 Detroit 


DIGITAL COMPUTING SYSTEM 


General-purpose, solid-state digital com- 
puting system RPC-4000 serves engi- 
neering (also business) data processing 
needs. Low-priced computing system is 


capable of operating on 9-digit num- 
bers at rates to 240,000 operations/min. 
Features: command list (42 total) in- 
cluding commands for floating point 
operations, also a command to speed-up 
input and output operations; index reg- 
ister for high-speed instruction modifica- 
tion; repeat execution feature; high- 
speed input-output equipment and 
8-word accumulator for block operation. 
Magnetic-drum memory storage capa- 


284 


city, 8008 words (word length is 32 
usable bits, accommodating 9-decimal 
digit number). Variety of programs can 
be stored permanently. Average access 
time to main storage, 8.5 millisec. 
Memory may be searched for full or 
partial words at sustained rate of 200,- 
000 wpm approx. Memory can be 
scanned for full or partial equality to 
key words or full or partial equality or 
superiority to key word. Part of memory 
(136 words) is available through high- 
speed line or dual-access tracks in from 
1 to 6 millisec. Standard input-output 
equipment for computer is tape-type- 
writer system. System draws less than 
10 amps from 110-volt line. Data Proc- 
essing Div., Royal McBee Corp., Port 
Chester, N. Y. 

Circle number 564 on page 17 


SWITCH-MAKER’S KIT 


Thirty-two SPDT miniature snap-action 
switches are available in a kit which 
provides a representative assortment of 
Class 2 and Class 4 switches for simu- 
lating many combinations. Switches are 


a a 
ae 


: 


a ——", 


eee 


available in NO or NC models. Eight 
varieties of actuator assemblies and 12 
sets of assembly screws and nuts for 
stacking combinations are included. All 
switches are 15 amp, 1% hp, 125 and 
250 volts a-c and are UL approved. 
Detroit Controls Div., American-Stand- 
ard, 5900 Trumbull Ave., Detroit 8, 
Mich. 


Circle number 565 on page 17 


PANORAMIC SPECTRUM 
ANALYZER 


Model 4A real-time analyzer covers 
the frequency band 1 cps to 200 eps 
with a frequency resolution of approxi- 
mately 1 cps at the rate of one com- 
plete analysis per sec. In conjunction 
with attachment FC4A the 200 cps 
frequency coverage range may be posi- 
tioned anywhere in the 1 eps to 10 ke 
frequency range. Output is presented 
as deflection-modulated oscilloscope 
display showing amplitude of all Four- 
ier components on a calibrated fre- 
quency axis. Operation based on use 
of delay line in a recirculation loop 
whose gain and phase are controlled. 
Input voltage range for linear opera- 
tion, 15 mv to 5 volts peak; input 
impedance, 1 megohm. Frequency-time 


conversion constant, 10 ywsec/cps nom- 
inal. Analyzer is packaged in three 
relay racks. Federal Scientific Corp., 
615 W. 131 St., New York 27, N. Y. 

Circle number 566 on page 17 


PROGRAMMED CIRCUIT 
TESTER 


Automatic tape-programmed tester LA- 
302 is used to select any two of 250 
circuit points for the measurement of 
resistance (1 ohm to 9.99 megohms). 
a-c or d-c voltage (0.5 to 500 volts), 


or insulation resistance (measured 
500 volts d-c with 10,000 megohm max 
reading). Instrument is supplied with 
25 sockets for chassis connections to al- 
low 60 to 100 tests per minute. Results 
of tests may be recorded with acces- 
sory equipment. Keyboard tape _per- 
forator available for preparing tape in 
binary code used by tester. Lavoie 
Laboratories, Inc., Morganville, N. J. 
Circle number 567 on page 17 


HIGH-LOW 
TEMPERATURE CHAMBER 


ValuMite chamber, featuring 2 cu ft of 
stainless steel test space, incorporates a 
mechanical refrigeration system to cool 


to —100 F and is electrically heated to 
+250 F. It features temperature control 
with a 1 deg C tolerance. Direct-read- 
ing temperature-indicating controller 
and viewing ports included. Available 
for 208- or 230-volt, 1-phase, 60-cps 
input. International Radiant Corp., 

577 E. 156 St., New York 55, N. Y. 
Circle number 568 on page 17 
(Continued on page 286) 
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VITREOUS” 


f° ENAMELED» 
RESISTORS. 


Quality Features 


HIGH-STRENGTH VITREOUS ENAMEL EVEN, UNIFORM TINNED, ALLOY 
WELDED TERMINAL LUG COATING WINDING TERMINALS 


RESILIENT MOUNTING STRONG CERAMIC WELDED RESISTANCE 
BRACKETS CORE WIRE JUNCTION 


: . In Ohmite resistors, spot welding replaces soldering, brazing, 
Bala nced Therm al Ex pansion and mechanical fastening. Spot welding produces strong con- 


prevents crazing nections that are not affected by vibration or high tempera- 
° tures. Ohmite welded construction also produces an almost 
and moisture entrance flush connection between the resistance wire and terminal. This 
prevents thin spots or bulges in the vitreous enamel coating 
which might cause future trouble and failure. Many different 
types of terminals are available besides the lug illustrated. 


Ohmite can supply all of your resistor needs 


some of the many types available The almost endless variety of Ohmite resistors in many sizes 
and types—in a wide range of wattages and resistances — 
Axial Lead Live Bracket Mounting makes it possible to meet each individual need. Many of 
Brown Devil® Wire Lead Resistors these can be supplied from the world’s largest factory 
Fixed, Lug Type Edison Screw Base Mounting stock. Whatever your resistor requirements may be, 
Dividohm® Adjustable Resistors chances are you will find exactly the type you need in 
Thin Tye _ Riteohm® Wire-Wound industry’s most complete line of high-quality resistors. 


Precision Resistors, 
Noninductive Encapsulated; Vitreous 


Powr-Rib®, High Current, Enameled; Molded Be Right with 
Round or Ribbon Wire, Jacket; Hermetically 


Open Wound Glass Sealed , ® | Ohmite Manufacturing 


Corrib®, High Current, Riteohm® Metal ILINA Company 
Corrugated, Edgewound Film Resistors 3613 Howard Street 
Ribbon Skokie, Illinois 

‘ Resistors to meet MIL 

Resistors with Heat 
Conducting Studs Specifications ; ? 

Ferrule Mounting Resistors  -_ High-Shock Resistors RHEOSTATS RESISTORS RELAYS 


TANTALUM CAPACITORS TAP SWITCHES 
Write on company letterhead for Catalog 58 VARIABLE TRANSFORMERS DIODES R&.F. CHOKES 


; 
‘ . 4 
. i 
a necro Re ae ee tenn nil a nasal ti alaliatt enlieM lR i ra i a lS a ae 
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PERFORMANCE 


CVR-610 


CONSTANT VOLTAGE 
REFERENCE 


replaces short-life dry cells in 
recording and controlling in- 
struments with dependable 
long-life power supply 


A direct replacement for #6 or 4FH 
battery. Features long-life semi- 
conductors, high temperature 
operation-stability. Output voltage 
variation less than 0.1% with line 
variations of 105-125 volts and fre 
quency variations of 50-60 cycles. 


Guaranteed for 10 Years $62°° 


@ iNSTALL THE CvR-610 
WITHOUT TOOLS OR INSTRU- 
MENT MODIFICATION ... it's 
a perfect fit every time with a 
minimum of effort. For Brown, 
Leeds & Northrup, Minneapolis 
Honeywell and others. 


PM instruments can measure: 

LOAD + THRUST + TORQUE + FLOW 
WEIGHT + TEMPERATURE + DISPLACEMENT 
VOLTAGE + PRESSURE with the highest 
accuracy attainable in industrial and lab- 
oratory applications. 


COMPANY 
15301 W. McNichols, Detroit 35, Mich. 
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MEASUREMENTS 


| RACK-MOUNTING 
POWER SUPPLIES 


D-C power supplies have voltage ranges 
from 0-30 to 0-120 and maximum cur- 
rent ranges from 1 to 12 amps. Variable 


a-c output is provided. All output volt- | 


ages are available from both front and 


rear; all input connections located at | 
rear. Voltmeter indicates output. Con- | 
trol on front panel provides voltage | 


adjustment over entire range. Power 
supplies designed for rack mounting. 
Nutron Manufacturing Co., Inc., 67 
Monroe Ave., Staten Island 1, N. Y. 

Circle Number 569 on page 17 


DIFFERENTIAL TRANSFORMER 
AMPLIFIER 


Oscillographic indication and recording 
of linear motion, acceleration, force, 
pressure and other quantities measur- 
able by differential transformer trans- 
ducers is possible with Model 401C 


differential transformer amplifier. Out- 
put is suitable for viewing on oscillo- 
scopes or for driving recorders. Instru- 


ment features internal excitation sup- 


ply, self-checking features and five cali- 


brated sensitivity ranges. Frequency 


response is flat from zero to 200 cps 
and useful to 500 cps. Accuracy is 2 


per cent with maximum resolution of | 


0.000005 in. of core displacement. Day- 


tronic Corp., 225 So. Jefferson St., Day- | 


ton 2, Ohio. 


Circle Number 570 on page 17 | 


SERVO AMPLIFIER 


Model 652 servo amplifier is a self- 
contained unit capable of accepting 
several d-c input or feedback signals 
and producing an output signal com- 
patible with almost all commonly used 
electro-hydraulic servovalves. Front- 
panel controls are gain, dither, balance 
and level. Two pairs of test points 
provided on front panel for measuring 
level and balance currents with an 
external meter. Amplifier maximum 
gain, 100 differential ma/volt when 





“JIC Wireways 
and Fittings 


™~ 
“JIC” Enclosed 
Wiring Troughs 


AMAR Rha el, 


KEYSTONE 
JIC Wiring Equipment 


Keystone now offers a complete new 
line of standard J1C wiring equipment 
stocked for immediate delivery —plus 
facilities for producing custom en- 
closures to your specifications. 

Send for catalog today! 


LOSES OC) TS acme 


NG, 23358 Sherwood Road 
Ny 


Flees 


“JIC” Terminal and 
Pull Box Enclosures 


NEMA Type 12 — JIC’ 
Control Panel Enclosures 


| Oil-Tight 
4| Pushbutton 
Enclosures 


Special Custom Enclosures 
built to your specifications 
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This trim, compact cabinet 
houses a Marcus 2000 kva., 
4800-480 volt, 3 phase, 60 
cycle, dry-type transformer 
which will supply interme- 
diate AC power to a bank 
of selenium rectifiers in a 
large West Coast metal re- 
duction plant. 


ee de sccns ae 

This interior view shows the rugged construction of Marcus 
industrial unit substations. A Natvar spec ial combination of 
Quinorgo® firmly bonded to varnished open-weave Fiberglas 
provides a flexible insulation of high dielectric strength and 
great mechanical toughness, plus the ability to withstand 
continuously high operating temperatures. It is used as a layer 
insulation for the major insulation barrier between primary 
and secondary, and between core and coils. 


Marcus Transformer Co., Inc., 
Hillside, N. J. manufactures dry-type trans- 


formers from 1 to 3000 kva. capacity, engineered for long 


life and continuous, trouble-free service, 


All materials used in their construction are carefully chosen for 
durability and performance under maximum loads at high tem-’ 
peratures. A Natvar special combination of Quinorgo® and 


Fiberglas firmly bonded together is used because of its excep- 
Natvar Products 


Varnished cambric—sheet and tape » is = 
Varnished canvas and duck— and its ability to withstand heat. 


sheet and tape 


aa SgeeR ayen~ Whether your requirements call for a standard insulating mate- 


eo ee tvahi= rial, available either from your wholesaler’s stock or direct from 


Varnished, silicone varnished and , : : ‘ : * . : 
diacha edbber ened Mamiales our own, ora special combination, it will pay you to investigate 


sheet and tape ‘ exible ins : 
ened: « SE Natvar flexible insulations. 


Isoglas® sheet and tape 


Isolastane® sheet, tape, tubing and 

ars c TION 
Vinyl coated and silicone rubber 

coated Fiberglas tubing and sleeving oO R P Oo R a 4 ON 

Extruded vinyl tubing and tape 


Styroflex® flexible polystyrene tape 
iiaced Qheetineniintanaieans FORMERLY THE NATIONAL VARNISHED PRODUCTS CORPORATION 
*T.M. (Reg. U.S. Pat. Off.) OCF Corp. TELEPHONE CABLE ADDRESS 


We will be very hapay to supply idermetton FULTON 8-8800 NATVAR: RAHWAY, N. J. 
a "pr ct '. 
Se ee 207 RANDOLPH AVENUE © WOODBRIDGE, NEW JERSEY 


tionally good electrical properties, flexibility, mechanical strength, 
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driving 4000-ohm center-tapped load; 
maximum differential current, +40 ma, 
Amplifier has provisions for incorporat- 
ing network components for frequency 
compensation and may be operated 
either single-ended or push-pull on both 
input and output. Relay-rack mounted 
unit measures 19 x 514 x 9 in. deep. 
American Measurement & Control, !nc., 
240 Calvary St., Waltham 54, Mass. 
Circle number 571 on page 17 


ELECTRICAL POWER TEST SET 


Model TS-1261/U test set measures 
a-c current (0 to 300 amp in five 
ranges) to a full-scale accuracy of +1 
per cent; a-c voltage (0 to 600 volts 


Qoviagh 


@ Large 15 ampere contacts elimi- 
nate additional load relays. 


@ Stop down time with plug-in com- 
ponents for fast timer replacement. 


@ Easy to set dial whether short or 
long timing. 


in three ranges) to +1 per cent ac- 
curacy; power factor to +0.01 using 
ABC phase rotation; and power from 
0 to 1 kw to +2 per cent accuracy. 
Niagara Electrical Instrument Co., 45 
Allen St., Buffalo 2, N. Y. 

Circle number 572 on page 17 


PHASE GENERATOR 


Model 410 phase shifter and phase- 

difference generator covers a frequency 

range from 5 cps to 135 ke. By addi- 

tion of external capacitor, the low- 

“68S Mpeyay gh frequency limit can be extended below 

0.1 cps. Accuracy over audio frequency 

spectrum, 0.1 per cent. Phase generator 

can be used for calibration of phase- 

measuring instruments or as_phase- 

measuring device when used with ex- 

ternal phase detector. Daytronics Co., 
Box 3676, Columbus 14, Ohio. 

Circle number 573 on page 17 


Choice of 9 actions available for 
each of 3 contacts. 

Select operation required for your 
circuit. 


Accuracy, 


@ Set dial to exact time required. 
No guessing at numbers. 


@ Accurate repeatability insures uni- 
form production. 


@ Proven reliability in thousands of 


industrial processes for more than 
25 years. 


i 


Install timer in seconds with op- 
tional plug-in feature. 
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Eagle Timers Save Time — Save Money 


Write for FREE Bulletin 110 containing complete data 
on Microfilex Reset Timers. Address 
Eagle Signal Company, Industrial Timers Division, Dept. EM-160, Moline, Illinois 


° 


“SIGNAL COMPANY 


° 


MOLINE, ILLINOIS 


MANUFACTURERS OF THE MOST COMPLETE LINE OF INDUSTRIAL TIME-COUNT CONTROLS 
(Continued on page 290) 
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Alcoa Aluminum 
..2asy to join 
~ by any method! 


7 hae <s ” 
dh . See ‘ 
et i 


Thermite welding process shown above is used with Alcoa 
Aluminum in both the utility and industrial fields. Finished 
welds show electrical conductivity ranging from 97 to 102 per 
cent of basic conductor. Repeated overload and high-current 
surge tests indicate no deterioration. Thermite process needs 
no outside source of heat or power . . . is extremely portable. 


By incorporating Alecoa® Aluminum into your prod- 
ucts, you’ll enjoy many new advantages which are 
unobtainable with conventional metals. This fact is 
being profitably proved by manufacturers and fabri- 
cators, whatever the joining method . . . welding, 
brazing, bolting or compressing. For example .. . 
Alcoa Aluminum is low in cost... lighter in weight 
... easier to handle... nonmagnetic .. . corrosion 
resistant... strong in alloys... offers more current- 
carrying capacity per pound... is easy to spin, form, 
bend, roll... can be cast, forged, extruded or drawn. 
Ask your Alcoa sales engineer to show you how 
you can put the benefits of Aleoa Aluminum into your 
products. Aluminum Company of America, 2130-A 
Alcoa Building, Pittsburgh 19, Pennsylvania. 


Your Guide to the Best 
in Aluminum Value 


ALUMINUM | 


For Exciting Drama Watch “Alcoa Theatre,” 
Alternate Mondays, NBC-TV, and “Alcoa 
Presents,"’ Every Tuesday, ABC-TV 
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MESA 


Molding 
Compounds 


If You Make Parts Like These... 


You'll Like Diall Compounds . . . They're 
easy to mold, easy to machine, have no 
post-mold shrinkage . offer greater 
resistance to chemicals than any other 
comparable compounds. Heat resistant 
to 500° F. Many are flame-proof, Un- 
affected by moisture, fungus proof, non- 
corrosive to metals. And . . . for greater 
sales appeal . . . available in all colors! 
Write Today! 

ee i eel 
MESA PLASTICS COMPANY, Dept. 18 
12270 Nebraska Ave., Los Angeles 25, Calif. 


puease ( ) Dota on heat resistant Dial! 
SEND ( ) Data on chemical resistan! Diall 
ME ( ) Catalog and complete dota on Diall 


(Name) 
(Company) 
(Street) 


i Stat 
(City) ( ate) 
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SOLID-STATE 
FREQUENCY STANDARD 


Model NC-1200 frequency standard 
provides outputs of 0.1, 1.0 and 5.0 me, 
all stable to one part in 10° parts per 


day. All outputs may be used simul- 
taneously. Each develops 200 mv across 
50-ohm load. Frequency is adjustable 
by means of dial which permits cali- 
bration to one part in 10'°. Power in- 
put, 115 volts, 60 cps. Macional Co., 
Inc., 61 Sherman St., Malden 48, Mass. 

Circle number 574 on page 17 


HIGH-POWER-OUTPUT 
SWEEP GENERATORS 


R-F sweep generators cover the fre- 
quency range from 20 to 1000 me. 
Output exceeds 15 volts rms into 50- 
ohm impedance for power of 4 to 5 


watts. Models SP-103, SP-104, SP-105 


and SP-106 cover center-frequency 
ranges of 20-100 mc, 100-250 mc, 250- 
500 me and 500-1000 mc, respectively. 
Sweep widths are variable from near 
zero to over 20 per cent of center fre- 
quency. Power output is within +5 per 
cent over maximum sweep width. Dis- 
play linearity, better than 1.2:1. Source 
VSWR, normally below 1.3:1. Telonic 
Industries, Inc., Beech Grove, Ind. 
Circle number 575 on page 17 


Postcard return cards are provided on 
page 17 as convenience to the reader 
in obtainir further information on— 
+ New Components and Materials 
+ Literature for the Design Engineer 
+ Feature Article Reprints 


+ Advertised Products 











.+.nowear...nofailure. . . 
controls continuous production 


in big automotive plant 


EPL non-contacting 
PROXIMITY SWITCH 


detects / controls 
ferrous/non-ferrous metals 


Save costly down time. EPL Prox- 
imity Switches far outlast me- 
chanical switches . . . no contacts 
or moving parts to wear out. Un- 
affected by dirt. Models are avail- 
able to operate when submerged 
in oil or water. Does more in less 
space and costs less than other 
proximity switches. Detects metal 
pieces at rates up to 60,000/min. 
Unlimited applications. Available 
in standard, subminiature and ex- 
tended range models. 


Advantages over other switches 


* no mechanical © oil and water 
linkage proof 

© meets JIC 
requirements 

® operates for 
years without 
attention 


© low pickup cost 
(from $18.50) 

* special pickups 
to operate 100’ 
from unit 


Proximity 
Transducer 
System includes 
pick-up, control 
unit and cable 


Engineering file 
gives all the 
facts and 
opplications 


ELectro 
Propucts 
LABORATORIES 


4501-M Ravenswood, Chicago 40. Ill. 


Canada: Atlas Radio, Ltd., Toronto 
9675 
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ethode 


“RELI-ACON”’ 


CONNECTORS 
for Immediate Delivery! 


essen Re Ft” FD-700 
ee Series 


i 


3/32” and 1/8" 
CARD RECEPTACLES 
MIL-C-21097 


— aie ' sia 
ereaniaaaa  t 


grommets 


—| 


“RIGHT ANGLE” 


MALE CONNECTORS | 
with pin termination | 
t 


Write for detailed information and illustrated brochure 


SS —— | 
adi tey' (emer | . ill 
Manufacturing Corp. UNderhill 7-9600 
7447 W. Wilson Ave. « Chicago 31, Ill. 
Circle 298 on page 17 


Are you using 
the new 


PRODUCT INDEX? 


See pages 292 and 293. This new Index 
answers a continuing need, expressed by many 
readers, for a quick method of extracting 
information relating to any material, com- 
ponent or equipment discussed in either the 
editorial or advertising pages. Get acquainted 
with this reference tool. It can save time in 
your data researching. 


STEEL BLUE’. 


Stops Leases 
making Dies and SZ 


Beall thee Rr 
= ur) Pits 


Popular package is 
8-oz. can fitted with 
Bakelite cap holding 
soft-hair brush for > 
plying right at bench: 
metal surface ready for 
layout in a few minutes. 
The dark blue background 
makes the scribed lines 
show up in sharp relief, 
prevents metal glare. In- 
creases efficiency and 
accuracy. 


Write for sample 
on company letterheod 


THE DYKEM COMPANY 
¢ St. Louis 6, Mo. 





SIZE 11..<- 


ny 


SIZE 8..../1) 


Reductions in weight and size... 
increased reliability...unlimited 
design possibilities... production in 
all quantities... 

These values, and many more, have 
made Bowmar an outstanding sup- 
plier of all types of servo gear 
assemblies and components. 


Bowmar can supply all basic sizes 
in any mounting configuration, or 
can design and produce completely 
new devices to your exact require- 


SEND FOR DATA PACKAGE 1259 
INSTRUMENT CORPORATION 


8000 Bluffton Rd. * Fort Wayne, Ind. 


REPRESENTATIVES IN PRINCIPAL 
U.S. AND CANADIAN CITIES 


GONTROL.OF THE BETES E 
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COMPONENTS, 
ELECTRICAL/ELECTRONIC 


Batteries—212e, 234 
Brakes—25, 222e 


Capacitors—58, 155, 194, 208e, 212e, 217e, 
220e, 242e, 265 
Choppers—264e 
Contact devices 
Brushes and brush holders—41, 162, 245 
Commutators—230 
Contacts and contact points—205 
Control systems—167, 196, 212e, 218e, 255, 
280e 
Electron tubes 
Power—211 
Special—213, 253, 276e 
Fans and blowers—203, 274e, 276, 278 
Filters—210e, 227, 244e 
Heating clements—184, 204 
Inductors—158, 210e, 224e, 240e, 260e 
Lights, indicator—208, 234e, 250e, 271, 272e 
Magnetic components 
Bobbins and core boxes—238 
Coils and windings—211, 238 
Cores—l46e, 159, 180, 239 
Permanent magnets—165 
Magnetic amplifiers—201, 262e 
Meters, panel—45, 268e, 272 
Microwave devices—200e, 266e 
Potentiometers—230e, 265e, 280e 
Printed circuits—207, 218e, 220e 


Protective devices 
Circuit breakers—197, 226, 293 
Fuses—43 
Contact protectors—242e 


Reactors—128e 


Relays 
General purpose—164, 198, 208e, 264e, 
271 
Special—176, 198, 271, 272 
Industrial—198 
Mercury—55, 202 
Telephone—34, 271 
Time delay—151, 198, 210e, 210, 254e 


Resistors—42, 208e, 230e, 232e, 232, 259, 
260, 270e, 285 


Seals and terminals, hermetic—206e 


Semiconductor devices 


Rectifiers and diodes—7le, 191, 202e, 
212e, 220e, 221, 237, 242e, 253e, 
260e, 264, 275 


Thermistors—240 


292 


----~Electrical Manufacturing - 


PRODUCT INDEX FOR THIS ISSUE 


Components, parts and materials described in this issue's editorial and advertising pages. Key: 
page number only indicates advertisement: letter “e' with page number indicates editorial mention. 


Transistors—Inside front cover, 57, 174, 
202e, 210e, 217e, 250e 


Servo components—Back cover, 206e, 244, 
265e, 291 


Shielding devices—253e 
Solenoids—171, 204e, 228 
Static switching elements—209 


Switches 


Controllers and contuctors—49, 156e, 
208e, 213, 224, 256e, 261, 271 


lide—236 
Explosive—254e 
Limit—187, 212e, 252 
Magnetic—240e 
Proximity—290 
Pushbutton—35, 169 
Rotary—250e 
Snap action—169, 187, 249, 284e 
Stepping—161, 176 
Toggle—169, 280 
Gravity—208e, 254e, 276e 
Pressure—236e 
Timers—33, 248e, 268e, 288, 294 
Transducers 
Special—222e, 226e, 234e, 266e, 276e 
Transformers 
Electronic—14, 36, 200e, 202e, 212e, 228e, 
240e, 260e, 294 
Voltage references—286 


Wire and cable—5! 
Hookup—51, 263 
Magnet—5, 51, 56, 216, 263, 269, 274 
Power—263 

Wiring devices 
Cable clamps and clips—154e, 236e 
Connectors—Inside back cover, 150e, 217e, 


217, 220e, 222e, 224e, 249, 260, 270e, 
281, 282, 291 


Cord sets—166, 254, 263 
Terminals—29, 184, 204e, 204, 207, 213 
Terminal blocks—203 


COMPONENTS, 
MECHANICAL/STRUCTURAL 


Bearings—|, 28, 12le, 154e, 206e, 212e, 219 
Bushings—16, 278e 

Ceramic parts—176, 210e 

Conduits—192 

Counters—277 


Fasteners 
Bolts and nuts—203 
Quick-operating—228e 
Screws—207, 238e, 240 
Rivets—241 


mew ewe ewww er ee em were 


Housings and enclosures—200e, 206e, 228e, 
238e, 286 


Knobs, handles—208 

Marking devices—212 

Mounting hardware—200e, 222e, 256e 
Plastics parts—206e, 226e 
Pulleys—170, 206e 

Rings, retainer—194, 235 

Seals and gaskets—229 
Springs—224e 

Wicking—-189 


COMPUTERS AND 
COMPUTING COMPONENTS 


202e, 204e, 208e, 214e, 230e, 244e, 258e, 
262e, 265e, 270e, 284e 


DRAFTING MATERIALS AND 
EQUIPMENT 


Tracing cloth—15, 202e 


DRIVES 


Electrical—167, 255 


Mechanical—204e 
Variable speed—52, 274e 


INSTRUMENTS AND TEST 
EQUIPMENT 

Amplifiers—148e, 278e, 286e 
Environmental chambers—284e 
Oscilloscopes—225e 


Power supplies—79e, 147, 160, 218, 268, 
286¢e 


Recorders—182, 202e, 262, 284e 


Special test equipment—134e, 144e, 168, 
188, 200e, 204e, 206e, 208e, 210e, 226, 
276, 277, 284e, 288e, 290e, 294 


MATERIALS, 
ELECTRICAL/ELECTRONIC 


Contact materials—273 


ELECTRICAL MANUFACTURING 





Insulation and dielectrics 
Casting resins—196, 214e 
Ceramics and glass—226e 
Fabrics—30, 173, 185, 223, 287 
General review—60 


Laminates—22, 27, 195, 213, 222e, 223, 
230, 279 


Molding compounds—290 

Plastics—157 

Paper—206e, 234e 

—s 163, 173, 177, 206e, 214e, 224, 


Transistor mounting—248e 
Tubing—173, 214, 223, 242, 258e 
Varnishes—27 
Magnetic materials 
Ferrites—165, 200e, 204e 


Solder and flux—222e 


MATERIALS, 
MECHANICAL/STRUCTURAL 
Adhesives, cements, sealants, 
206e, 211, 220c 
Colorants—204e 
Metals 
Alloys, general—21, 200e, 224e 
Aluminum—214e, 289 
Copper, brass, bronze—13, 21 
Nickel and Ni-alloys—21, 183 
Steel—247 
Tin—244 
Metal forms 
Clad metals—56 
Thermostatic bimetal—48, 204e, 270 
Tubing—214e 
Non-metallic materials 
Elastomers—233 


Protective coatings 
Chemical—267 


waxes—115e, 


MOTORS AND GENERATORS 


Fractional-hp motors—40, 107e, 153, 


199, 218e, 266 
Gearmotors—46, 222e, 283 
Integral-hp motors—107e, 199 


Special— 2, 153, 176, 222e, 232e, 243, 258, 
260e, 272e 


176, 


PRODUCTION EQUIPMENT, 
TOOLS 


Layout fluid—291 
Processing equipment—172, 241, 282 
Wire strippers—205 


SERVICES 


Coil winding—207 


Metal fabrication—186, 
271 


Plastics fabrication—37, 170, 195, 206e 
Other services—210e, 217, 233, 248, 249, 256 


193, 202e, 204e, 
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MoTOR PROTECTORS 
for highest Performance and Safety 


Check the advanced design of E-T-A protectors and 
see why they are superior to conventional types! 


MANUAL 


Ratings from 
0.05 to 25 amps 


AUTOMATIC 


Ratings from 


Travel of butt 0.1 to 15 amps 


indicates tripped 
position 


Bimetal element 


Infinite contact 
adjustment 


greater power is packed into smaller motors. This 
miniaturization requires protectors with pin-point 
accuracy provided only by E-T-A! Precise calibra- 
tion is guaranteed by co-ordination of bimetal ele- 
ment, heater coil and infinite contact adjustment. 
Ideal for built-in and remote protection. E-T-A 
offers you a better product at lower cost. 


For engineering assistance call or write — 


PRODUCTS COMPANY OF AMERICA 


6284 N. Cicero Ave., Chicago 46, Ill, 
Phone: Kildare 5-1554 


IN CANADA: E-T-A Products of Canada, Ltd. 
265 Craig St., West, Montreal 1, Que. 
Phone: UN iversity 1-5998 
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Stable test conditions 
with Sola-regulated 
filament voltage 


This Sola Constant Voltage 
Filament Transformer puts out 
6.3 volts regulated within +1%,. 
It maintains its close regulat- 
ing action despite line voltage 
swings between 95 and 130 
volts. Output rating is 30va. 

Stable filament voltage 
makes for stable electron tube 
operation — experimental and 
test equipment is given a con- 
sistent reference datum for 
producing consistent, reliable 
results. No variants are intro- 
duced by line voltage dips or 
surges. 

This filament regulator is 
compact and has a handle for 
convenient use in the labora- 
tory or at the shop bench. It 
plugs into any ac wall or bench 
outlet and has an on-off switch 
and output jacks. 

While this regulator is in- 
tended primarily for testing 
duty, Sola manufactures an 
extensive range of filament, 
plate-filament and line voltage 
regulators for operational 
equipment. It includes 46 
models in a wide range of 
ratings for accessory or built-in 
component use. 

The company is equipped to 
design and produce (in produc- 
tion quantities) regulators 
with special characteristics. 
Your Sola sales engineer can 
fill you in on the details. 


Write for Bulletin 6A-CVP 


A DIVISION OF 
BASIC PRODUCTS CORPORATION 


SOLA ELECTRIC CO., 4633 W. 16th ST., CHICAGO 50 | 
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HOW 


EXACT! 





With the recent trend in strip metal 
towards thinner and thinner gauges, 
Somers, a pioneer in thin strip for 
nearly 50 years, is naturally among 
the leaders in rolling ultra-thin strip. 
But in addition to rolling production 
quantities of strip as thin as can be ob- 
tained anywhere in the world, Somers 
utilizes exclusive techniques and equip- 
ment to make sure that every foot 
of metal is up to the most exacting 
standards. 


1. Accu-Ray nuclear 
gauging to assure ab- 
solute uniformity of 
thickness throughout. 


2. Unique rolling mill 
for strip from .001” 
down, makes possible 
extremely close con- 
trol of the final pre- 
anneal temper, and 
uniform accuracy of 
the final temper. 








3. Experience exclu- 
sively with thin strip 
metals gives Somers 
NEARLY an unmatched back- 
round in engineering 
FIFTY Shee-thie strip to meet 
YEARS all special require- 
ments. 


y 


Somers Brass Company, Inc. 
112 BALDWIN AVE., WATERBURY, CONN, 
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Look what happened when A. W. Haydon 
designed a new LABORATORY STOP CLOCK 


You just won't find these features in any other stop clock. This versatile timer-of-all-work 
was designed by engineers who understand timers and timing...and who needed a precise 
time reference in their own work. Timed outlet—energized whenever clock runs, sup- 
plies 115V, 60 CPS, 3 amp to time and control external loads simultaneously ... manually 
or automatically. External Run Socket—for remote running, using a contro! cable... 
manually or automatically (when wired into a system). Clutchless timing mechanism 
— needs no warm-up, make-ready or pre-start. Synchronous motor starts and drives 
instantly. No power consumed except during timing and reset. Independent RUN and 
RESET buttons for manual, local control. Schematic diagram and control circuitry silk- 
screened on bottom of housing for ready reference. M@ Bench type precision stop clocks 
are available with optional remote control for manual or automatic running and/or reset- 
ting. Clocks operate on commercial 115V, 60 CPS power; accuracy is + 25 milliseconds. 
Low power drain: only 2 watts, timing. Sweep second scale calibrated 

in 10 millisecond increments; totalizer scale calibrated in sec- 

onds, up to 1 min. Sturdy instrument case requires only 44” 

square bench space. For complete specifications, write for 

Bulletin ET-702. Ask also about panel-mounting versions. 


=e AYDON 


@ COMPANY 


234 North Elm Street, Waterbury 20, Connecticut 
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ELECTRICAL MANUFACTURING 
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UNIRING 


SIMPLIFIES GROUNDING SHIELDED CABLE 
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CEI 
(yoyo 
7A 
RELIABLE, 
LOW-COST 


1-piece, ; : eee a 
i ‘ protects cable insulation 
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tap connector 
CRIMPED OUTER PORTION 


distributes pressure over full area of braid 


INTEGRAL NYLON eric 
or Ta) ip, extends beyond b« i 5 of 
Bete tamales ys ad madi 
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INSERT braid and tap wire CRIMP with the Burndy Hytool 


UNIRING connections are...mechanically stable and reliable: a single crimp 
completes a uniform, vibration-resistant, insulated connection —controlled by 
full-cycling color-coded tooling —no heat or burnt cable...electrically stable: 
low resistance, noise-free...space saving: only a few mils larger than cable 
diameter. For more details, call or write OMATON Division. 


SBSURAN D >. 


Norwalk, Connect. In Europe: Antwerp, Belgium Toronto, Canada 
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6’ max. error spread Synchro Custom Designed Pancakes 


for Gyro Pick-Off CPPC has developed a number of special pancakes (drawings 

The SG-17- and ST-17- type pancake synchros below) with relatively large bores and narrow stack heights. 

(SG-18- and ST-18- with housings) are our Means have been devised to minimize error due to clamping 

most standard line for gyro pick-off appli- pressures Gn these thin units. 

cations. Special accuracies have been maintained where required. 
These units have been manufactured in Let us know your needs. 

large quantity and are readily available for 

prototype breadboarding. The high accuracies 2.125 DIA 1 125 MAX 

shown on the left are obtainable in standard 6 —a yo 

26v or 115v units. 
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Pancake Resolver for Gimbal Mounting anspaeti 


Clifton Precision pro- 
duces special pan- 
cake resolvers for ZL , ad 
direct gimbal mount- $ : rbecon foley ll, Be 
ing. They were de- nae VY) =| 
— for usein f i, Se sat VAR ——ay 
scaded amplifier- : 
less resolver sys- | : } tT 4 fcescom-4 | 
tems and have been : ga «1.000 01a 4 
trimmed for 10K in- : —_——_— —1.618 O1A ——____-4 
put impedance, 0° a ——_—_———. 2.262 1A 
phase shift and a \ f P TRANSMITTER OR” RESOLVER 
constant transfoi ma- 
tion ratio, with tem- 3 om s 
perature, at 900cy. x 9378 F.0001 pra “IPO * O08 
Accuracies of 4’, per- SI Sa rrr ex 
pendicularities of 3’ ; | = EI » 
and nulls of Imv/v : , FT Da 
of output or less can 
be held. 
Special techniques maintain concentricity between rotor and 
stator — thus reducing difficulties commonly encountered in 


250 MAX, — 
+ 

8 
500 MAX 





125 MAK 


500 MAX — 
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